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REGENTS OF THE SMITHSONIAN INSTITUTION. 


By the organizing act approved August 1(1, 1816 (Revised Statutes, 
Title LXXIII, section 5.5S()), The business of the Institution shall 
be conducted at the citj’ of lUashington bj’ a Board of Regents, named 
the Regents of the Smithsonian Institution, to be composed of the 
Vice-President, the Chief Justice of the United States, three members 
of the Senate, and three members of the House of Representatives, 
together with six other persons, other than Members of Congress, 
twm of whom shall be resident in the city of Washington, and the 
other four shall be inhabitants of some State, but no two of the same 
State." 


REQEXTS FOR THE YEAR EXIHXU JUXE Sn, 1905 . 


The Chief Jutitiee of the United States; 


MELVILLE tv. FULLER, elected Chancellor of the Smithsonian 
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Torm expires. 
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CHARLES W. FAIRBANKS, ex officio March 1, 1905 Mar. 
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Vacancy (retirement of Senator F. M. C( ICKREI.L, March 8, 1905). 
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ROBERT R. HITT (a^iiiointed .Vngiist 11, 1898; January 4, 1894; 
December 20. 1895; December 22, 1.897; .Tannary 4, 1900; Decem- 
ber 18, 1901, and January 12, 1904) Dei'. 

ROBERT AD.VMS, .In. (appointed Decemlx'r 20, 1.S9.5; December 
22, 1897; January 4, 1900; December l:>, 1901, and January 12, 

1904) Dec. 

HII(iH A. DIXSMORE (appointeil .lanuary 4, 1900; December Li, 

1901, and .lanuary 12, 1904) ...Dec. 
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Citizens of a State: 


.T.VMES B. ANOELL, of Michigan (appointed January 19, 1887; 


January 9, 1898; January 24, 1899, and January 28, 1905) ,Ian. 28, 1911 

ANDREW D. IVHITE, of New York (ai)pointed February 15, 

bS,S8; (March 19, 1894, and June 2, 1900) lune 2, 1906 

RICHARD OLNEY, of (Massachusetts (appointed lanuary 24, 

1900) Ian. 24,1906 

CEORCiE (IR.VY. of Delaware (appointed .lanuary 14, 1901) Jan. 14,1907 

Residents in the City of Washington; 

.IDHN B. HENDERSON (appointed January 26, 1892; January 24, 
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PRO(!EEI)IN(;S OF THE HOARD OF REGENTS FOR THE YEAR 
ENDING JUNE RO, 1905. 


At a meeting held Alareh 12, 1!>03. the Board of Regents adopted 
the following' resolution: 

liesolreil, That, in addition to tlie pre.«crilied ineetin;; held on the fourth AVednes- 
(lay in January, regular meetings of the Board shall he held on the Tuesday after 
the first Monday in Beeeinber and on the <>th day of March, unless that day falls on 
Sunday, when the following ^londav shall be suhstitutwl. 

In aeeordance with this re.solution, the Board met at 10 o'clock a. m. 
on December 0, 10o4, January 25, 1005. and iMarch d. 1005. 

BEGULAB MEETING OF DECEMBEB 6, 1904. 

Present: Air. Chief •Justice Fuller (Chancellor) in the chair; the 
Hon. W. P. Fiye. President pro tempore of the Senate, acting as 
Regent: the lion. S. AI. Cullom, the lion. O. 11. Platt, the Hon. F. Al. 
Cockrell, tlie Hon. Robert Adams, jr.. the Hon. Hugh. A. Dinsmore, 
Dr. Andrew D. White, the Hon. John B. Henderson, Dr. A. Graham 
Bell, and the Secretary. Air. S. P. Langley. 

IIIXUTES OF PREVIOUS UEETIXG. 

The minutes of the meeting held Alarch T. 1004. were read in 
abstract and approved. 

DISPOSITIOX OF THE REMAINS OF .TAMES SMITHSON. 

The Sccretai'}' stated that at tlie meeting of .January 27, 1904, a com- 
mittee consisting of the Chancellor, the members of the executive com- 
mittee, and the Secretary had been appointed to act on the question 
of the final disposition of the remains of .Tames Smithson and of the 
monument to be erected to him. The committee reported to the Board 
on Alarch 7, 1904. recommending that a suitable toml) lie erected and 
that Congress be asked to make an adequate appropriation for it. 

Since that meeting the committee had decided to suggest in lieu of 
their former rc'commendation that the original tomb be brought to this 
country and used as a final resting place for the remains. Accordingly 
the Secretary had entered into correspondence with the officials at 
Genoa, and the tomb had been shipped and was expected by the end 
of the pre.sent month. 
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After di.seuHsioo, Senator (lullom offered the following resolution, 
which was adopted: 

lit'xulred, Tliat tlie special conimittee liaving in charge ttie matter of the final dis- 
position of the remains of .Tames Smithson he authorized to receive the original 
tomb, and to jTace it, suitably inscribed, with the remains, in some proper iiosition 
that they may select in tlie grounds of the Institution; the expenses involved in the 
matter to he met from the funds of the Institution. 

NF.W BL'ILDINO FOR THE NATIONAL MU.SEUM. 

The Secretary stated that the preliminary door plans and elcvation.s 
were tipprovod on Januar}’ '27, IPOd. and that the detailed plans for the 
con.struction of the foundation had been ivorked out during the spring. 
The excavation for the building wa.s begun on June 15, lOO-t, the Secre- 
tary turning the tir.st .spade of earth, and the .site of the l)uilding wa.s 
inclosed with a high lioard fence. The excavation was completed dur- 
ing the la.st of the summer, and the work of laying the foundation was 
immediately begun, the material used being concrete. This part of the 
work was tiuished November P, 1P04-. 

Proposals for furnishing the granite for all parts of the building 
where this stone was to be u.sed, were opened October 1. There were 
nine bidders, and after due consideration the following selections were 
made: For the basement story, pink granite from ^lilford, iMass. : for 
the main and second stoi'ies. the white Bethel granite of Vermont; 
for the upper story, wliite granite from Mount Airy, N. C. : for the 
trimmings of the court walls, the .so-called Woodstock granite of Marv- 
land. It wa.s explained that the stones from these quarries would 
harmonize, and that the selection had the favorable recommendation 
of the supei'intendent of construction and of the architects. 

Contracts were at once entered into for supplying the above mate- 
rial. cut and ready for laying, and it was gratifying to state that the 
total co.' t of the granite would fall below the original estimates. 

It was expected that work on the lower story could b(‘ .started b}’ 
next February, and in ca.se the sea.son were an open one. the ba.sement 
walls could T)e completed before the summer of 1PU5. At the present 
time the superintendent of construction was erecting, in wood, a nar- 
row section of the south front of the building, of actual dimensions, 
in order to deteiTuine if the lines and proportions as shown on the 
plans were entirely satisfactory or subject to improvement. 

T’RRSERVATION OF ANTIQUITIES. 

The Secretary recalled to thi‘ Board that bills for the preservation 
of antiquities on the national domain, had lieen introduced in the Sen- 
ate by Senator Cullom, and in the House by Kepr(*.sentative Hitt, at 
the last session of Congres.^, but that no action had been taken. It 
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had been learned that the Secretary of the Interior had in contempla- 
tion a bill which, while meeting the needs of the Department, would 
also be satisfactory to the Institution. The Institution had undertaken 
to prepare for the Secretary of the Interior the retpiisite maps giving 
the location of anticpiities on the public lands. It was of interest to 
state that the Secretaiy of the Interier had already taken piadiminary 
steps in the matter, so far as his authoriti' extended, and had appointed 
guardians for important ruins. 

EXPLOltATIOKS. 

The Secretary .said that since the last meeting of the Board two 
expeditions had bc^n sent out by the Institution; one under the direc- 
tion of IVIr. A. G. iSIaddron for the purpose of studying the remains 
of the Alaskan mammoth and other large mammals reported as abun- 
dant in the Bone-Yard" and at Elephant Point; and a second under 
the direction of Dr. W. II. Sherzer to study the glaciers of British 
Columbia. Arrangements had also been made to send Dr. J. Walter 
Fewkes to Yera Cruz, Mexico, for the purpose of studying the prac- 
tically unexplored I'egion in the eastern shore of that country, where 
it is hoped to discover the relationship of the mound-building tribe.s 
of our Mississippi N'alley and the Pueblo peoples of the Kio Grande 
and Kio Colorado w ith the so-called civilized tribes of Mexico. The 
district was also interesting' because of the presence there of a branch 
of the Mai'a race of Yucatan. 

The sending of those expeditions wa^ a recurrence tc the old policy 
of the Institution which paid for them fiom its own fund. In this 
last case it was a joint work of the Bureau of American Ethnology 
and the Institution. 

EXTENSION 'or ETIINOI.OGICAL WORK IN IIAV. AII AND .SAMOA. 

The Secretary explained that he had for .several years, in connection 
with the estimates, urged the extension of the researches of the Bureau 
of American Ethnology to H.awaii and Samoa. Congress had apparently 
been unwilling up to the pre.sent time to authorize this. These 
researches were practically urgent, and the reipiest had been renewed 
this year, and he hoped that its importance could be impressed upon 
the members of the appropriations committees. Ao additional 
appropriation was needed to accomplish this, it being only necessary 
to insert the proper phraseology in the appropriation bill. 

The Board then adjourned. 
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ANNUAL MEETING OF JANUARY 25, 1905. 

Present: Mr. Chief Justice Fuller (Chancellor) in the chair, the 
Hon. O. II. Platt, the lion. F. M. Cockrell, the Hon. llobert Adams, 
jr., the Hon. Hugh A. Dinsniore, Dr. J. II. Angell, the lion. John 
B. Henderson, the Hon. Kichard Gluey, the Hon. Ceorge Cray, 
Dr. A. Graham Bell, and the Secretary, Mr. S. P. Langley. 

ailXUTES OF PREVIOUS MEETING. 

The minutes of the meeting held Decemlx'r G, 190d, were read in 
ab.stract and approved. 

KEAPPOINTilENT OF REGENTS. 

The Secretary announced the reappointment of Di-. James B. Angell 
for a term of six years, by joint resolution of Congres.s approved by 
the President January 'JS, 190.5. 

RESOLUTION RELATIVE TO INI'OME AND EXPENDITURE. 

Senator Hender.son, Chairman of the e.xecutive committee, presented 
the following re.solution, which was adopted: 

JleKuhi’il, That the income of the Institution for the ibcal year ending .June ;t0, 
1906, he ajiiiropriated for the service of the Institution, tol>e expended by the Secre- 
tary witli the ailvice of the executive cominittee, witli full di.seretion on the part of 
the .Secretary as to items. 

ANNUAL REPORT OF THE SECRETARY. 

The Secretary presented his report of the operations of the Institu- 
tion for the year ending June 30, 190-t. which was accepted. 

ANNUAL REPORT OF THE EXECUTII'E COMMITTEE. 

Senator Henderson, Chairmtiti, presented the report of the commit- 
tee for the year ending June 3tt. 1901, tvhich tvas adopted. 

ANNUAL ItEPOItT OF THE PERMANENT COMMITTEE. 

Senator Henderson, Chairman, reported as follows: 

fiiiiil . — The O'Donoghue case is now in the court of 
appeals at Albany. The calendar has not yet been announced, but the 
prospect is tliat the case will be reached and argued this spring. 

Andnu-s irJII casr. — Th(' hearing upon th(‘ apjJication of the execif- 
tor to ha\ e the will interpr(“t<'d has not yet been had. \T'ry recently 
a short brief was handed up to the supreme court of New York cov- 
ering certain phases of the subject. 
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Addhoii T. 7i’/vV/ Vv/.y6'.— -The surrogate in Brooklyn has decided in 
accordance with the Institution’s view of the construction of the will, 
and matters are left in shape for the Institution to avail itself of the 
bequest at some future time. 

On motion the report was accepted and ordered tiled. 

lilCeOKT OF THE. SFECIAr. COJIJUTTEE ON THE FINAL DISPOSITION OF 
THE REMAINS OF .lAMES .SMITHSON. 

The Chancellor, as chairman of the committee, reported as follows; 

At a meeting on December 6, H104, the Board of Refients adoptcil the following 
resolution : 

Itixijlieil, That the special coinmittei', liaving in <-harge the matter of the tinal 
<li.sjiositi(ju of the remains of James Smithson, be authorize 1 to receive the original 
t(.pnili and to jilace it, suitably in'cribeil, witli the remains, in some inoper position 
that they may select in tin' aroninls of the Institution; the e.Niiense.s involved in the 
matter to be met from tlie fninls of the liwtitntion.'’ 

Your committee havinu: directeil the shipi'ing of tlu' tomb to thi.s country, it 
arrived in the port of New York am! has just )>een brought on hire. It Ls tempora- 
rily set up near the Institution. It is a most nmde.'t structure, but sullicient in its 
plaee in a cemetery siirroumleil by other tombs. Your conunittee Would like 
have tile Regents .see it hefoiv they place it i)Crmaiieiitl> in any l•on.spu■nous exter- 
nal position. ShouM tlie Regents pUai.se to anthori/.e the committee to plaee it 
witiiin tlie Institution, at least teinporaril v, they will limi a pliuv for it. 

After realizing the insiilHciency of tlie tomli for an external site, your coiuuiitteo 
have some hesitation in clioo-ing a j'lace for it in the open giounds of the Institution 
under tlie terms irf the resolntipui. hni wouhl prohahly place it immediately north 
of the present buililiiig. Your conunittee feci that in tliat case, some aeuessory 
would he neees.sarv. 

The adiiption of thi' report will he considered hy the committee as authorizing 
them to place the Tomh and remains witliin tlie In-stitutioii. at least temporarily. 

Kepectfully siihmitted. , 

Melville IV. Fillek, Vhuinnaii. 

On motion the peport ivti.s adopted. 

FREEi: COI.LEf'TION. 

The Secretary 'tiid that durino- the early part of the year li»u-f lie 
had had an interview at the Institution with iJr. Ctiarles L. Freer, of 
Detroit, who was desirous of oiviiio- hi.s laluablc collection of object.s 
of American and oriental art to the Sniithsonian Institution or to the 
United States (Tovemment on certain conditions, i\Ir. Fri'er liad 
outlined orally the extent of the eol lection, its cost, and the eonditions 
under which he [imposed to make the oiler. 

The Secretary had hrounht the matter before the executive eom- 
mitti'e, and he read a letter which he had sent to Mr. Frei'r recitino 
his uiidei'standino- of the collection and <-onditions of nift, and which, 
further, contained the followint;- action of th<' committi'e: 

The executive committee, hating beard with iiiterc't and appreciate;; the state- 
ment by Secretary Langley of tlie imii usition ami views i.f .Mr. '.'buries L. Freer, 

sM 1905^ 
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of Detroit, to intrust to the Smithsonian Institution a collection of works of art, 
now in his possession, which has already cost 8600,000 and to which he proj)nses 
to aild almost as much more and to construct for housing it a hall costing 8500,000, 
upon condition that all the expense and responsibility for its care and mainte- 
nance shall be provided, are of the opinion that it would be well for the Board of 
Regents to consider such a proposition in sympathy with the broad and cultivated 
spirit in which it is made; but as it is presented only as a statement of a conversa- 
tion with Mr. Freer, it is requested by the committee that Secretary I.angley com- 
municate with Mr. Freer and suggest to him that he put in more precise torm his 
views and his wishes, so that the action which the l•ommittee may rei-ommend to 
the Board shall be such as will exactly .set forth Mr. Freer's purposes and be given 
the careful consideration appropriate to such an enduring benefaction. 

To this letter the followiiio- reply wa.s received: 

Detkoit, ilii ii.. I )■ V.)04. 

S. P. L.vnolev, E.<(|., 

Si‘n'etai'1/ SmitlixiDiidi) Jiixlifntiiiii, Wtixtihu/fun. l>. 

I)e.\r Sir: In replying to your kind letter of the 16tli instant, and in fiirtlier 
reference to the eonversation hud with yon on March M last. I beg to >ay that my 
permanent eolleetions eonsi'^t of tlie following art ohjeets, namely: 

By J.\MEs McXeile 'Wiii.steer: 

100 framed paintings in oil. water-color, and [lastel. 

60 unframed drawings in poneil and water color. 

150 lithographs. 

575 etchings. 

The entire decorations ot the Peacock Room. 

By D. IV. Tiiyox, T. \V. Dewixo, and A. H. Th.wek: 

50 framed paintings in oil, water-color, and pastel. 

By various masters of Chiue.se and .lapanese schools of i>ainting. beginning with the 
tenth century and ending with the nineteimth century, including specimens by 
Eirioniin, Sesshiu, Wesson, Motonobn, Taiiyu, Koyetsn, Sotatsu, Korin, Kenzan, 
lloitsu, Okie, Hokusai, ai;^l various other masters: 

400 kakemono, many of wdiich are in pairs. 

SO screens, many of which are in pairs, 

30 panels. 

By various potters of the Far East and Central Asia, including Chinese, Japanese. 
Coreans, Persians, .Arabians, ami others as vet nnhlentiOed: 

950 pieces of jiottery. 

Also a small group of ancient Chine.se and .lapanese bronzes, a few early .Japanese 
and Corean wood-carvings, and some laccpier by Koyet-u. Korin, and Ritsnwo. 

These several collections include specimens of very widely separated periods of 
artistic development, beginning before the birth of Christ and ending to-day. 

No attempt has been made to secure specimens from unsympathetic sources, my 
collecting having been contlned to American and Asiatic schools. My great desire 
has been to unite modern work with ina.steriiieees of ceitaiu periods of liigh civiliza- 
tion, harmonious in spiritual and physical suggestion, having the power to broaden 
lesthetic culture and the grace to elevate the human mind. 

These collections I ilesire to retain during my life for the enjoyment of students, 
my friends, and myself, and for the further purposeof making mlditioiis and inijirove- 
nients from time to time. Believing that good models only should be used in 
artistic construction, I wish to continue my <-eusorship. aided by the best expert 
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advice, and remove everj- undesirable article, and add in tlie future 'whatever I can 
obtain of like harmonious standard iiuality. 

T now repeat my offer to hei|ueath tliese collection.^ to the Smithsonian Institution, 
or to the T'nited States (Tov('rnnient, and also the sum of So00,000 in money for the 
purpose of I'onstructing a suitable building in which to house them, uimn the follow- 
ing terms and conditions: 

First. The sum of SoU0,000 shall I)e jtaid by my executors to the Regents of the 
.Smithsonian Institution or the United States Government promptly after my decea.se, 
and shall be used forthwith for the i-onstruction of a lirenroof building connected 
with the National IMuseurn, the construction of which has recently been authorized, 
or reasonably near thereto. 

Second. The interior of this building shall be arranged with special regard for the 
convenience of stuilents and others desirous of an opportunity for uninterrupted 
study. A suitable .space shall be proxided in which the Peacock Room shall be 
reerected comjilete. The whole interior arrangement of the buililing shall be agreed 
upon between the Regents of the Smithsonian Institution and myself within a 
reasonable time after the acceptance of this offer. 

Third. The collections, with such changes and additions thereto as shall be made 
iluring my lifetime, shall be didivcreil by my executors to the Regents immediately 
after the building is constructed and ready to reci-ivc them. 

Fourth. The collections and the buildings .shall be careil for and maintained per- 
petually by the Smithsonian Institution or thel'niteil States Government at its own 
expense. 

Filth. No adililiou or deduction shall he made to the collections after my death, 
and nothing else shall ever be exhibited with them, or in the .same building, nor 
shall the said collections, or any part thereof, be removed at any time from the said 
building except when necessary for the pmrpose of making repairs or renovations in 
the Ituilding. 

Sixth. No charge shall ever he made foradmission to the building or for the privi- 
lege of examining or studying the collections. 

Seventh. The collections ami hnilding shall always hear my name in some modest 
and approjiriate form. 

In lieu of the foregoing offer 1 am willing, upon the conditions above expressed, 
to make a pre.sent conveyance of the title to said collections to the Institution or the 
Government, ami abeciuest of the snin of $.500,000 for the building, provided: 

1. The collections shall remain in my jiossession during my life, and in the pos.session 
of my executors after my ileath until the comp>letion of the building. 

I shall have tlie right to make such changes in the I’ollectious, hv disposing of 
any ]>art tliereof, or hy adding thereto, as may seem to me advisable or necessary 
for the imiirovemeiit of the collections, orany of them. 

3. Botli I ami my executors shall he free from any liability on account of arty loss 
in or damage that may accrue to tiie collections while in niv or their charge, even 
though .such loss or injury shall occur hy reason of mv oi' their negligence, or the 
negligence of my or tlieir servants, agents, or empiloyees. 

The exact form of the hecjucst or gift and the details for carrying it into execution 
are legal .(Ucstion.^ that can he agreed ui>on hv cmmsel representing the Institution 
or the Government and myself. 

1 suggest that the Iii'titution or the tlovcrumcnt. before i-oming to a <lecision 
regarding the above offer, send a l■olnulittee of experts to Detroit to make an exami- 
nation of the collections. It will he a souicc of sati'faction to me to exhibit the col- 
lections to .such a committee, anil the report it may make will be of great value to 
th<> Institution or Goveninient in reaching a concliisiou, T remain, with great 
respect, 

Very truly, yours, 


Ca.vm.Ks L. Freeh, 
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After c(jiifeience with the chairman of tlie executive coininittee the 
^ecretaiy aticlressed Mr. Freer, asking if he could see liis way to 
modify tlie requirejiiciits of the tifth clau->e of his conditions, to 
which a replv was received that after serious consitleratiou no moditi- 
cation could he made in the terms of the claust> referred to. 

A very general discussion arose as to th<‘ matters invoh ed under 
the terms of the proj)osed donation, the prev ailing opinion Ix'ing that 
moi’c information was necessary lad'ore the Board coidd conic to a 
.■onclusion. It was pointed out tliat Mr. Freer had asked that a com- 
mittee v isit him for the purpose of .seeing the collection, and the 
Board decided to accejit the suggestion. The follovving resolution 
was accordingly adopted: 

A'l (/, That the (ham-cllor :iii|H>iiit a i-'iiuimftce el thiei' l;ei;eiit', whose Tuty 
it shall he to make ijcasoiial exaiiiuiatioii <il the eolleetiou of art olijeets whieli Mr. 
Charles L. Freer has jirogoseil to rice or heiiiieuth to the Siuith'oaiau Institution, 
ami make lepoit to the Iloard of its value ami merit', anil said eommittLe is further 
instructed to useertaiu from Mr. Freer v\ hat alterations, if any. eaii he made in the 
eouditions of his very reiierous proposal; ami the .Secretary oi this In-titittioii i- 
hereby added ns an additional member of this <-ommittee 

The Chancellor a[jpointcd ()octor Angell. Senator JlendiM'son. Doc- 
tor Bell, and the Secretary as the committee. 

'I'lii' Board tlnni adjourned. 

REGULAR MEETING OF MARCH 6, 1905. 

Present: .Mr. Chief Justice Fuller (Chiincellor) in the chair; the Hon. 
Charles 'W'. Fairbanks. Vice-President of ihc Fnitcd States; the Hon. 
O. H. Platt, the lion. Robert Adams, jr.. the lion. Hugh ,A. Diusiuore. 
the Hon. ,\.nclrew D. AVhite, the Hon. John B. Henderson. Dr. A. 
(Traham Bell, and the Secretary, Mr. S. P. Langley. 

IIINUTES OF I'liEVIoUs >IEETIXc;. 

The minutes of the meeting held Janiiarv 2.5. Il»(i5. were read in 
abstract and approved. 

APPOINTMENT OE ASSISTANT SECKETAUV. 

The Secretary, after stating- tlic necessity for the appointment of an 
additional assistant secretary of the Institution, asked the Board's 
aiiprov al of his selection of Dr. Cyrus Adler, tlu- pi-esent Librarian of 
the Institution, for the position, adding an c.xplanatory stalimitmt as 
to Doctor .Vdlcr's ritin'ss for the duties. 

.Senator Henderson followed with further conimciulutorv remarks, 
and presented the subjoined resolution, wiiieli was nilojitml: 

That the a])],..nitmeiit hy the s,., i-i.tary cif |)r. ('\uis .i- .fs-istaiit 

<eiTe;aiy ..f die Siuith'MTiian Institutimi, iueharv'euf the hiliiarx ami the IhM luuutes, 
with such aililitieua! iliuies as the St-eretary may assio-u him. Ite ajiprov'ed. 



PROCEEDINGS^ OK THE HOARD OF REGENTS. 


XTX 


ERKEl; COLI.ECl'KJN. 

Senator Heinleison. in the ahsenco of Doctor Anoell. Chairman, 
and on iit'half of the eoniniittee appointed to viMt Detroit and inspect 
the art eolleetion of Air. Charle.s L. Freer, presented a report, whii'h 
was very fully discussed; anil as it was deemed best that the matter 
should lie considered at a 'ulisequent meetin"' of the Board, at which 
a fuller attimdance mie-ht he e.xpected. Senator Platt oll'ered the fol- 
lowino' resolution, which was adopted: 

Jii.sclii'l, Tliat tile li'jiiul 111 Reyeiits take tliis (icrasiun to express their sincere 
tliaiiks to Ml'. Charles' J.. E’reer. ol Detroit, fur the cuurtesy .shown to the couunittee 
of the Regents wiiieh recently visited Detroit to examine his art collection; and that 
further consideration of his generous offer to donate the .same to this Institution or 
the I’nited States he continued until the next meeting of the Pioard of Regents. 

GIFT OK ItoTAXK'AI. I'OI.LECTIOX. 

The Secretary stated th;it (,'tipt. John Donnell Smith, of Baltimore, 
had donated to the Institution his entire botanical collection, compri-s- 
ino- 1(H). (too plants and notirlv l.tioo hooks on botany. There were no 
eonditioiis, (except that tlie donor reserved the rioht to continue to 
work upon the collection. 

Doctor ^^'hite offered th(> followintf resolution, which was adopted: 

Jir.nihul, That the thanks ot the Board of Regents he tendered to ('apt. John 
D(.)nnell 'mith for his generosity in pre.senting to the Institution hi~ large and val- 
uable colUnctiou of ;i!ants and hooks on botany, which is gratefully accepted. 

EIXAL DISI'O.SITKJX OK .SMITTI.SOX’s REMAINS. 

The Secretary reviewed the report prc.sonted to the Board at tlie 
meetiiio- of JiUiuarv 'J.l by the comniittee eharoed with the lintd dis- 
position of Smithson's remains, and said that lie hoped that at some 
future time Coiioress would iiadve tin adeipiate appropriation for oi\ iiio 
these remains a tittino- iutermeiit; but that so far as he had hemi al)le 
he had oiven jireseut etfeet to the mandate of the Board by depositino- 
tlu'iii temjiorarily within the huilding' in a small room which he had 
had fitted up on the immediate left of the north entrance to the 
huildino-. 

Th(' remains had been examined liy medical experts and found to he 
in a remarkalile state of preservation. They had now been put in ii 
suitable easki't and were ready to h(‘ transf('iTed to the tomb, and he 
wuidd ask the Iieo-('nts. when the meetino- had adjourned, to proceed 
to tlie room and witness the deposit of the casket. 

.After remarks on the condition of the work of the Institution, the 
Board adjourned, and the Beoeuts repaired to tlu- room refern'd to. 
where, in their presence, the casket was placed within tlie toiiih. whicT 
was tlieii s(‘aled, ‘ 
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To tfo- lion I'd of lii'f/i tdn of ifo' Snnf /oiOn m n fnstd otion : 

A"our executive coiiiiiiittee re:>pectfiilly sulmiits the following report 
in rehition to the funds of the Institution, the appropriations hv Con- 
gress. and the receipts and expenditures for the Smithsonian Institu- 
tion. the V. S. National Aluseum. the International Exchanges, the 
Bureau of Ethnology, the National Zoological Dark, and the Astro- 
phvsieal fibservatory for the year ending June 3u. Ihuo, and balances 
of former years: 

SMITUSOXI.\N INSTITUTION. 

( 'oudtfioii o f f]o- fund Jidy lOOo. 

The amount of the becpiest of James Smithson deposited in the 
Treasury of the Cnited States, according to act of Congress of August 
lU, iSlti. was Solo.iti'i. To this was added by authority of Congress. 
Februarv 18H7. the n'siduary legiicy of Smithson, savings from 
income and other sources, to the amount of Slo4.S31. 

To this also have been added a bequest from James Hamilton, of 
Pennsylvania, of Sl,bnU: a beipiest of Dr. Simeon Habel, of New 
N’ork. of SoDO; the proceeds of the sale of Virginia bonds, S.'il.oOQ; a 
gift from Thomas G. Hodgkins, of New York, of $20(1. (J(K) and SS.OtHt, 
being a portion of the residuary legacy of T’homas G. Hodgkins, and 
Sl.OtKi. the accumulated interest on the Hamilton bequest, savings 
from income. Sg.'i.oou. making in all, a^ the permanent fund, ShJT.UOO. 

TTu' Institution also holds an additional sum received upon the death 
of Thomas G. Hodgkins, which is invested in registered West Shore 
-1 per cent bonds of the par value of S4:^,oou, and which were, by order 
of the committee, under date of May IS, lsit4. placed in the hands of 
the Secretarv of the Institution to be held by him subject to the con- 
ditions of said order. 
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of riixtjit'i fillip I- rjH tnhtnr* ■'< ft'otit Jiihi i, VjfJo, /o Jiint off, 1U05. 


j;ei Dii'o. 

Interest eii (uud, July 1. 11104 110.00 

Interest on t'uucl. Jamiarv I, ll)0-> Js. 110.00 

^Oti. JJO. 00 

Intere.sl to .Taiuuuy 1. 1!I0.”>. on IVest Sliore bomU 1.6S0. 00 

Cusli from teiiijioraiy loan 10,000.00 

from rent', jiiiblieations, lepayiiieut', freight ami otliei- 

sonrees.. 0. sHl 7 l’ 

IS, .141. 72 

Total recoi])ts 74.701.72 


i.\i‘i;viiiTi II 

Buildings: 

Ite|iairs, ean“, and imiiroNenient.s 

Furniture and li.^tures 

(ieneral expense*: 

Postajre and teleorajili 

Stationery 

Incidentals i tuel, yas, etc. ; 

Library (books, periodical', idc. i 

Salaries " 

I lallery of Art 

Meetings 

Freight and exjiress 

Publications ami researches- 

Smitli.sonian contribution' 

Miscellaneous collection' 

Reports 

E.xplorations 

Researches 

Apparattts 

Hodgkins fund 

Hamilton fund 

i.iterary and scientific oxch.inges 

Heticiency .Inly 1. 1004 , 

Balance .bine Jo, ItliH , 


is.'i, ',102. 14 
477 41 

so, 4;!9. ,5.) 

272. 00 
O.*:!), I 
d. 140. i’ti 
4, .'Ido 72 
27. JO.i ,".0 
20 (10 
402 7d 
4.41.40 

40.012.98 


4. 272. SO 
0, 00!» 00 
1 . 204. ;-!.d 
1 . 004. O.d 
4. O.sO. 72 
7 20 
2. .MO s.'i 

2.">.s. 2") 


10,441.27 
4, 4.')1. 20 
402. SO 
d. Id;;. 02 


74. 701. 72 


All uioiiey.s iToeiind by tlio .'^niithsonijui Institution t'foiii interest, 
sales, ret'nndinn’ of moneys tein[)or!U'ily advttneed. or otlierwi.se. are 
deposited with the Treasurer tif the I nited .'States to the credit of the 
Secretary of the Institution. :ind all payments are made iiv his checks 
on the Treasurer of the I’nited Sttites. 

"In addition to the above .S2#,40.d.)n paid for 'uiarics umler ct-ncral expenses. 
814,000,05 wu' paid tor services. \i/ .s4,0.d0.0ii i barged to buildiiig account : ,s;;d to 
fill ni tin c and fixture' : s.; (to, ; p , lil )rar,\ ; si . 0.4.S to mist ellaucoii' ei il le< tion'i siss.,d2 
to re])orts; S2.2(l0 4, to lO'i-.itebe'. S] , p, Hodukilis liiml, and si ..S'.I.S.tiO to 

literary and seientibe exebange aci'onnt. 
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Early in -fune. I'.io.o. th(' Ac<-oiint:int of tin' Institution. AV. W. Karr, 
whose duties iiKo einhitua'd tlie Jiandlino' of its revenues, was found to 
he a d(‘faulter. Instead of there J)eino- a credit balance of 
on ,fune 30. as shown ))y the hooks of tlu' accountant, tlnu'c was 

in fact a deticiency of S3f)3..'sO. 

The subject of this deticiency is dealt with in detail in a special 
report conuminicated hy the Secretary to the executive coniniittee. and 
which the executive conunittee now suhinits to the Hoard of Regents 
with its approval. It seems proper in this place to make a gimeral 
resume showing the items of tin' deficiency and in what manner it was 
perpetrated. 

On July 13. a cheek was drawn for a semimonthly pay roll 

amounting to S4!»t,.")7. After the voucher foi’ the pay roll had been 
approved for this amount and the cln-ck con-esponding to the voucher 
had been signed. Kai-r raised this cln'ck from Slhl.oT to 8u.-l;i4..1)7. 
appropi'iating tin' ditterence, s.'),(M)o, to himself. This was the tir.st 
transgression whic h was ascertained. 

Between July. 1^91. and May 31. 19o.'.. there was received as income 
by the Institution ril . 140.u.‘>t.3-2. ainl actually deposited in the Treasury 
§l.t>S7.1S4. Ih. lea\’ing a ditterence of >'.''iS.,sg 7. 13. which should have 
been to the credit of the Institution, but which repre.sents the embez- 
zlement by Karr from the receipts of the Institution proper. 

In addition to this. Karr embezzled from the Congressional appro- 
priation for tin.' r. .S. National Mu.si'um for the fiscal year l!»u4-.') the 
sum of S57.4<H). which amount has b('en repaid to the (-rovernrat'nt by 
the bonding company which had given bond to the (Tovernment for 
his fidelity. In fuifher adtlition thereto, Karr abstracted from funds 
received by the Institution for the International Catalogue of Scien- 
tific Literature, at London. 84. 4s." 

To n'capitulate, the actual losses through Karr’s embezzlements 
were as follows; 

^Moneys icccivc'l f<>r die SmitliMiniaii In^Ututiou iiud c'.ii\ erted t(i his 

t>\vii pur]i(i>e - ^oS,K 67. lo 

M'liiess (‘iidic/^zlcd fiv liiiii the laiscd clicck a. ikH^. 00 

IMoiics ^ c!iihe//lt‘'l liy iiiiii i’liiic]'. ten *n ti > th»‘ Iiitermi- 

tioiuil y’alalcoiie < >I Srieiitilic Lilcraton' 4. 001 . 4S 

Ti ital - - - hS. TtaS, (i| 

The I'xecutive <'ommitte(' in fsoi. when these defalcations began, 
consisted of James C. At'elling. Henry Coi)]»ee. and Cen. M. C. Meigs. 

As the deticii'iicy, on June Hu. I‘.iu4. was prsictically of only momentar\' 
duration, having hi'cn immediateli transformed into a balance by the 

".Mr Kair u as .ui.l « licii airaiaix-'l |.li adi-U vnilty ami was -ciitciiccd tu 

iiiUinsoiiiiient Ini' li\c vcai" in tlie |ii‘iini‘ntiai.\ at .Mnunil'vilK'. W. Va 
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deposit of the seniiaiimiiil interest funds, the fact tliat tliere had l)een 
peeulations from tlie Iiistitutit)n was not diseovereil until .fune, IhO.f. 
when the Institution wa> infoi'ined that its account was o^ erdi awn. As 
the end of tlie ti'-eal ^■ea^ wa.' di'awint;' iieai’, it was found neeessarv to 
borrow tin' sum of ^lo.Oou to me(“t current ol)lioations. The loan 
was paiil on July .f, llTA, or as soon as eolleetions would permit. 
Owino- to tile condition in whicli tin' books and accounts were h'ft In' 
the late accountant, it is inniossible to state in their respectivi* classes 
the amounts of the miscellaneou." i-eeeipts. Tlie total of such receipts 
deposited in the Treasury dtirinw the year was in the ao'grej.>ate 
Sd.sCil.Ts, as jt'ii en in the foreo'oino- '.tatement. 

Your committee also presimts the followinir statements in regard to 
appropriations and expenditures for objects intrusted by Cono-ress to 
the care of the tsmithsoiiian Institution: 

Udbdnmt of fhdhn r.d'nu did front nppr'i/irnftion.'< nonitntftrtl Jtj! ('o}tor''r-' to the rnrr 
ijtJ tilt Si/i/tliniitinn Init it ntton for thr tin ot tn o r rtnl iinj ,l iinr -to, ItiOo. mnl Ironi hiftiini'ir 
of form' r ni ore. 

I.XTEll\.l.TIOX.lL KXeu.Wm-:-- 'MITIIOtsIAX IXsTITETIoX, I'.IIC) 
i:K( kicts. 

Aptjroja'iateil by Congress fur the tiseiil year oiiding .Tune HO, inO."!, “for 
e-xpease- of tlie system of international exrhangos between the I'nited 
.State' and foreign conritries under the directi.in of the .Sniith'oiiian 
Institution, including .«daries or eoinpen'ation of all iiecessan eni- 
[iloyet^s and the purehu'e of neee'.s.n'v books and jieiiodirai''’ ( siindiw 
civil act .\iiiil t-’s. IhOI ; .?g'7. (lOU. 00 


l)lsnii!'|.;\ii;x-|>. 


Salaries or coinpeiisatioii: 

1 acting curator, at .s2l.’.r per month .so, o-,() Qp 

1 cliief clerk, at .Sls:!.;;:; per month . . los. 2'l 

1 I lerk. at Sl-iO per month i.sOO. 00 

1 clerk, at .SlAo per month ] , .K 10. ( li ) 

! I’lerk, at si Ul.tii) per nioiitii 1,1'S'i. gii 

1 clerk, at .SsO per month OliO. UO 

] clerk, at .s.!.') per month. laid. 0(1 

I stciiograiiher, at SIIU j)cr month 1, :!l'( 1. lit) 

1 uoikman, at siiO per month.. tiliO. 00 

1 packer, at .s.V) per month. liO.r, 00 

1 me"eiiger. at •S4ii jicr month .",20 00 

I mes'cnger. at SIO ]ier month 02,00 

1 mc'^encer hoy. .it s:;o per month :!2.''. 00 

1 me'seiiaer boy. at s2.') jier month 170, 42 

1 nie'seniter bo\ , at SL’O per nionll 70. 07 

1 arrciit, at .s7d per month 4-40. 1)0 

1 agent, at sOO.Oii'-; jier month 400.00 

1 agent, at slT) |ier month Oil On 


Total 'ulaii' ' M' ' .moeii-atioM Sl.i,0(i4.64 
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(ieneial fxpcnst's: 

Buuk.-^ 

Boxes 

EVei^ht 

Eurnitnre. 

Postage 

Supplies 

Stationery, etc 


SoS. l:l 
lilli). 0(1 
o, tl47. 07 
05. 00 
400. 00 
0(i. 51 
L’OI. 50 


Total (lisimtsi'iiieiits S--, 4.S0. 05 


Balance . I lily 1, 1005 4,51)1.05 

INTKRX.ITKlX.IO K.XCHAXllKS. S.MI'J HsuXI.VX IXsim TIilX. I'lin 
Balanee .luly 1, 1004, as per last rejiort So, 074. 05 

Olslil II'KMKN IS. 

S-.’OO. UO 
00. 00 
450. 00 

S740. 00 

40. 70 
440. 50 
l.l'ii,S.44 
SO. 00 


1 . 024. S7 


Total ilislmrsements 2,004.87 

Balaiu'i' .Tilly 1. 1005 10. OS 

lXTi;UX.\TI(IX.tl- i:.\CII.\XOK-. sMITIlsOXI.t.X INSTITI TIOX I'.itJ ! 

Balance .Tilly 1. 1004. a' [per laM repnrt S20. 44 


Balance carrieil. undei’pi'ppvisippiis ppf Uevi't‘il Statutes, seetiiin .'1000, hy tin* Treasury 
iTepartiuent tn the credit ul the '■ui'iilu' liiii'l .itiiie 40. 1005. 

.CMEUK'.iN OTliXt tl.Ol. Y. s.MfJ llStlXl.vX IXsTITf't IllX. 
line III ei's. 

Apprcpriation liy T'cnirrcs.s tor the liscal rear eniling .rune :10, 1005, “ in. 
ciintiiuiiiipr ethnnlp pitical re'-careliesatii'ang the Ainetic.in Indians. uiipIcp 
the direetiun of the SniitliMYiiiau lii-titutinu, inehidini; --alarie' nr ciuii- 
pensation nl all iiccc'-ary emphiyee'. atul tin* purchase nf nei’es'ary 
honks and perinplicals, forty tlinttsaml .l.pllafs, of which stun n.ptexeec.l- 
iiig one thou sa ml lit t* hiimlte‘l dollars may he use.! for rent of Iniihiing 
( sundry ei \ il act .\jii il 2s, lOOli — >4o,l00.oi; 


Total salaries nr cnmpetisati.in 
( ieneral exjieiises: 

Bt n.»ks 

Boxes 

Freight 

Stationery 

Sujtplies 


Salaries nr coiapensation: 

1 agent at .850 pt*!* month 
I agent at S15 per month 
1 agent at -STo per month 
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KSKJir.VIS. 


Palarie-^ it (•(Hiipcnsatinii: 

1 cliicf Ilf Iiurcau, at jitT month So, ytih. 9I> 

I <■tllIlollloi^t. at S3)0 Jiff month tt, 400, OO 

1 etlinolooiijt, at -SiOO jier montli 400. 00 

1 otlinologi^t, at sl.'i;!.;T! jier nioiitli 1, oOO. t)6 

i i‘tliiiologist, at SI2.a por montli. i.atlO, 00 

1 ethnologist, at Slia per month 1, 500. 00 

1 ethnologi.sr, at sSo..T! per month 010 O.a 

1 ethnologist, at .>100 per month 1. 200, 00 

1 eilitor, at jier mouth 4o0. 00 

1 editorial a.-i.'istant. at slOo per month. 000. 00 

1 (.-(litorial elerk, at SlOO jier month.. 2.'<o. do 

1 philologist, at S'l'oO per month dOO. 00 

1 head elerk, at SlOO jier tnontli 1 , 200 . 00 

1 elerk, at *100 jiei’ month 1, IdO. 00 

1 elerk, at *125 jier month .die. 00 

1 elerk, at *90 per month 1. 0,*0. 00 

1 elerk, at *75 per month 900. 00 

I illustrator, at *]0»i,07 per montli 2,000.04 

1 (^teiiograidier and typewriter, at *00 per 

nioutli .S04. 00 

1 typewriter, at *ti5 per month H90 00 

1 nie.isenger, at S50 [ler month 000.00 

1 messenger, at *55 per month 000. 00 

1 skilled lahrirer. at *00 per month 720, OO 

1 laborer, at *15 per month 540.00 

1 laliorer, at *.';0 per month MO. 00 

2 l.iborers, at S1..50 per day .'!0. 00 

I eleaner, at *l ..')0 per day H. 00 

1 cleaner, at *1.25 per day 00. 00 

1 eharw'onian, at *1.50 per day 45. Oo 


Total .salaries or l■ompen,sation 

Creneral exiieU'es: 

Bonks, binding, etc 419.21 

Drawings, mafis. etc 1, Hid. 95 

Eieetrieity 202.54 

Freight 170. Id 

i-Tirniture 451.20 

Mamiseript I,d72. 04 

Miscellaneous 100.74 

Postage, telegraph, anil telephone <S0. 00 

Rental 1,;!75. 00 

ispecial serviees ■ 2, 5d2. 08 

*peiiniens 0.5(i. (iO 

Statii mcry 5.25. 70 

*upplii- .522.50 

Truv el and lield e.\ ponses 200. 19 


27. Till). 94 


1 1 , 5.5i). SO 


Total ilisbui'sement; 


d9, d56. 74 


Balanee .Inly I, lilOo 


04d. 20 
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AMKRII-AX KTHXOLOGY, S.MITHSOXIAX rX^TIT^T10X, 191)1. 


Balance July J, 1904 .^1, 906. 94 

iTcncral expense^: 

Books S91.04 

Drawings I'A. .sO 

Electricity 64. ;!■■) 

Freight 50. S7 

Furniture S5.ll’ 

Manuscript 1’50. 00 

M iscellaneou.s 4o. 6S 

J’ostage, telephime. ami telesrra]!' .'>0.48 

Rental 125. 00 

Specinien.N 5S. 00 

Sjiecial scrvici's 60. 00 

JSuiiplie.s . 57. 55 

stationery .'!14. 7S 

Travel ami lieM e.xpeuses 597. 57 


Total ilislmr^eiiieuts 1 . s;;i. i’4 


Balance. Inly 1. 190.5 


75. 70 


AMKKrcW KI'UXOLOOY. s.MITRsoXIvX rX'TITI'TlDX 


Balance July i, I9U4 

(leucral expenses. 

Books 

Freight 

Manu.script 

Postage. tcUygrapli, ami telcplioni' 

Printing 

Stationery 

Supplies 

Travel 


SI. 101.. S- 


216. S7 
110.00 
11. 16 
125.41 
104. 35 
11.30 
72. 95 


Total <lisbur.semeut.s 


723. 2.5 


Balance 3,s. 62 

Balance carrieil, umler jirovi.-^ions of lieviseO .Statute-^, section 3090. l.y the Treasury 
Department to the creilit of the sur|>his fund June 30, 1905. 

I’RKSt:l!VATH iX OF COLI.KITIOXS, XVTIOXAl. MC'EtWr. l'«r,. 

HK( KIPT... 

.Vpiirojiriatioii hv Ilmgress for the fiscal year ending June 30, 1905, ‘'for 
continuing the ]iresei'vation. exhihition, and increa.-e of the collei-tions 
from the sur\‘eving and exploring expi'ditii »ns of tlu* 1 ><.‘\'ernnient, and 
from other sourci's, including .salarie- or couqieimation of all necc'-saiA 
emploxees. and all other nei-es'-ary expeiiM's. ■t'l.SO.OOO, of whii'h sum 
S5,500 may he used for nci'es^ary drawing' and illustrations for jmlili- 
cations of the Xatioual Mu'cnm, and all other nei'e.'>ary incidennil 
('Xjiense'” (sunilry )'ivil act oi .\pri! 2.s, 1904i — .'iso, ooo. 00 
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EXPJiMUTllti:'. 


I.Tulv I 1‘Mll I'.HIS ! 


Salaries nr rninpnnsation — > I liO. ,4 

Sjiwial ~t'rvir(‘b - — 1’. 0.‘)4 5S 


Total stilario^ ami '■orvirc- SIH:.’, 477. .‘<2 

l\Ii-oellaiieoti^. 

Snpplie:- - ;W7>. .SS 

Stall' inery - - - 7i>i). tit! 

Freight and ('artaji:>' .. 1, Slil.tJii 

Travel! II" I'.xjioii-'Or — 2, 105. .'Id 

Drawinym anil illu.'traiion-- _ 749.0-5 

Speeiiiieim 1, 90.S. E! 


Total iiii'cellaneou- 


10. .S77. :U 


Total eviK'ii'lituro o. .Tiini' 40, 1<)05 174,3.54.66 

Jlalam-e .lult 1. 1905, to meet oot'ta in 1 lOfr lialii lilies 6, 645. 34 


.lee/'/.'/' 'll I I jii iitlti/ii I'll ]"i' ,in/iii I1 1 In' I'litiipi ii.iiitii'ii. 


lul.' 1, I'HO. t" .rune .111 IWi, . 


Seientitie and a'lmiiii'tiutive .-taft: 

1 a'>i'ta!it 'eeretary. 12iiioMtli-. al S2."m.;!;; 

1 adniini'trative a^^Ftanr, 12 montlis at smii.iio 

1 head euratoi'. 12 niontli.', at Seoi.iii; 

1 liead curator, 12 luniitli'. at .4291.06 

1 aetiiie head L-iirator, 12 inontli.-. at 4291.00 

1 l■llrato^■. 12 iiionth'i, at S2u0 

1 euratoi, 9 nioiith-' 29 day^. at soon 

I a'.'oi'iate euratoi'. 5 montll^. lodav'. at 420o 

I etiratiir. 12 nionrlm. at Sloo 

1 eurator, a"i<rain. 12 inonth-/. at •'■1.50 

1 I urator, a"ii'tant, 12 inontli', at .41-50 

I eurator. a-i'i'taiit. 1 2 jiionth>. at -shOO 

I eurator. as^i-itaut. 12 inoiith'. at Sl.oO 

1 eurator. a^^i.'taiit. 0 month' 15 dav'. at 41.50 

1 (iirator. a'-'i-itant. 2 inontli- .4 dav', at 4150 

1 eurator, a"i>raiit, 12 months, at •■' I33..‘!:l 

1 eurator, as-i'tant, 12 montlw, at .41.3.‘!.;>:! 

1 eurator. a"i'tant. 12 month', at 4125 

1 eurator. a"i'tant, .4 inontli', at -4120 

1 I ur.iioi', a"i'ta]it. 12 months, at -sllO.OO 

1 eioator, a-.'i'taiu. 12 months, atsiio.tio.. 

1 eiii ator, a.'si'tant, 12 month', at .4100, 

1 I urator. a"i'taiit. 10 dav'. at -slOO 

1 eurator. as'i.'taiit. 1 month, at 4.s,3.:;;! 

i eurator, 'ceoml a'sisfant, 12 months, at 41 

1 ai'l, 12 month', at 4t(io 

1 aid, 4 iiioiith' 21 da\', at 4100 

1 ai'l, I ! d.iV', at 41110 

1 a.d. 1 2 months, at -4.s:;.:i.;. _ 

I ai'l, 12 month', at 's3.3.; 

1 ,ii'l, H months, at 483.3:: 


4.1, 0!I9, '.16 
3. 499. 92 
499. 92 
3. 499. 92 
3, 499. 92 
2. 400. 00 
1.993. ;-!4 
1. 100. 00 
1 . 21 II I. ( lO 
1 , .41.10. 00 
1, .490. 00 
1. .400. 00 
1. .400. 00 
975. 00 
340. 00 
1, 599. 96 
1, .59!». 96 
1. .500. 00 
960. 00 
i, 399. 92 
1 , 399. tl2 
1 , 200, 00 
5:;. .33 
s;;. 3;: 
1 . 201 1. 00 
1. 200. 00 
470. 00 
:-!6. t)7 
<199 90 
99!). 96 
916. 63 
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Si-ientitic and adniiniOrative .‘staff — ('ontimicd. 

1 aid, n iiiontli.< 14 days, at SS;!..S:1 !?4.5.'). .ll 

1 aid, 12 iiinnths, at .tsT-a dOO. 00 

1 aid, 2 months, at S"-') l-IU. 00 

1 aid, 12 months, at §00 . 720, 00 

1 aid, .') months 15 da\ s. at .§60 OoO. 00 

1 aiil, 12 months, at -§.50 000.00 

1 aid, 12 montlis, at §.50 000. 00 

1 aid, 12 months, at .$.50 000.00 

1 aid, 12 months, at §45 .. 540.00 

1 cliit’f of l•on'ospondenl•l• and dociimont', 12 montli', at 

§200... 2. 400. no 

1 I'i'gistrar, 12 mouths, at -Olln. 2, 004. 00 

i (.'ditor, 12 months, at §167. 2, 004. 00 

1 nditurial assi.staiit, 4 months lot! ila_\s, at §1M;!.;1.S 1, 120. 07 

1 assistant hhrarian, 12 months, 1, iiii 

1 disbursin'; iderk. 11 month', at .§110. 07 1. 2§o. IE 

1 disbursinfr agent, 15 (hns. at §125 02 50 

1 property el'erk, 12 montlis, ;it §00 l.oso.co 


Preparator" 

1 pliotographer, 12 months, at §175 2. 100. OO 

1 modeler, 12 nnmth.s, at §loo I, 200.00 

1 osteologi.st, 12 month', at §00 l.osO, 00 

1 preparator, 4 mouths 14 'lays, at §125 .55, S. :!:) 

1 preimrator, 12 months, at §100 ... 1,200. oO 

1 prei>arator, 12 months, at §00 l.Oso, oo 

1 preparator. 9 months 45 ilay'. at .'90 945. 00 

1 preparator, 12 month', at §.§5 l.o2o. 00 

1 [ireiiarator, 9 montlis 29 da.vs. at §.§5; 20^ lioiirs at .50 

- rents 979. 50 

1 [irejiarator, 12 months, at §.§0 900, ot) 

1 preparator, 1 1 mouths 15 dav'. at §70 ,so5. 00 

1 jireparator. 12 months, at •§•55 660. 00 

1 preparator, 2 muiiths, at §-5o 100.00 

1 jireparator, 1 month, at §.50 50. 00 

1 preparator, 12 montlis. at ,§45 540,00 

1 prei'arator. 12 months, at §40 4§o. Oti 

1 jirejiarator. 6 months, at .§40 240.00 

1 jireparator. S months 15 da.\s. at .§25 212. ,50 

1 preparator. 176 hours, at -50 I’ents. s.s, 00 

1 a.ssistant preparator. 6 uioiitlis. at §40 240. OO 

1 chief taxidermist, 12 inoiif hs, at §12.5. .... 1, .500. 00 

1 taxiilermist, 12 month', at §i(iO 1, 200.00 

I taxidermist, 1 2 months, .it §60 720.00 

1 taxidermist. appiTiitiee. 10 montlis. at .'25. .... ..... 2.50.00 

1 eolli'i'tor, 2 months, at §-50 100.00 

1 clas'llier. 2 montlis, at -''lOO 200.00 

1 cataloguer. 12 mouths, at §60 720.00 

1 eataloguei, 25 'lays, at §.5o 41. 67 

1 cataloguer, S month', at §.55 410. no 

1 catalooner. 2 months 25 'lav', at '50 141.67 

i catalooiier, .'1 month' 2 daV'. at s.50 . . 15:! .!'! 


XXIX 


'64, 7.§:!. 66 


§20. (HI5. 00 
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Clerical staff: 

1 finani'e clerk. 11’ innnths, at .sl^.r sE.’iOO.OO 

I stcntierapher, 11 months, at slT-r 1', 10(1. 00 

1 stenojrrapher, 9 inonths, at MIO Sl(i. 00 

1 steiiograjihcr, 8 months, at S9I). 170.00 

1 stenographer, 11 months, at t-s:!. .T; 99'. I. 90 

1 stenographer ami typewriter. 11 month', at X'li 1, l.isp, (10 

I stenographer and typewriter. 1 month' 81 day', at t-To . 117. oO 

1 stenographer and tyjjewnter, S months 87 dav'. at .'?(i0 . ool. 00 

1 stenographer raid tyjiewriter. 1 month' 11 days, at ''tkl . lol. 00 

1 .stenograjiher and typewriter, I iimnth, at >00 (10, oO 

1 stenograjiheraiid typewriter, 11 month', at >00: 1 montli. 

atSS8.38 748. :;8 

1 stenograjiher and typewriter, o month' oO day', at >o() . 800 00 

1 stenographer and tipewriter, 0 month' 18 day', at >o0 . 811 07 

1 stenographer and tyjiew liter, o mouths 1 1 days, at >o0 . !(!>. 88 

1 stenographer and t.\ i>ew liter, 8 niontlis 18 day', at >-i0 . 171 07 

I stenographer and tyiiewriler, 8 month.- o days, at >>0 . . 100. 00 

1 stenograjiher and tyjiewriter. 1 months 18 day', .it >.'o . 111. 07 

1 'tenograjiher and tyjiewriter, 1 month 18 day-, at >80 . . 78, 00 

1 hotanieal clerk, 2 month-, at S78 ]8o. oo 

1 hotanieal derk, 9 month.' 1> days, at >iio 890,00 

1 hotanieal clerk, (.i nionlhs 18 dais, .it >.80 818,00 

I document clerk. 12 niontii-. at >.88 000. UO 

I recorder, 1 month, at >00 00.00 

1 clerk and jirejiarator. 12 month-, at >on 710 oO 

1 clerk and tyjiewriter, 12 months, at >78 900.00 

1 clerk. .> months 14 ilav', at >128 j , o8,s. 88 

1 clerk. H months, at >128 78o iiO 

1 cleik, 12 month', at >118 1.8.sii, oO 

1 clerk. 11 month' 24 da_\s, at >ln0 I. Jso, |io 

1 clerk. 10 month', at >100 l,0(.)(l. 00 

1 clerk. 12 month', at >78 900.00 

1 I'lerk. 12 luonths, at >78 900 00 

I clerk, 12 months, at .>78 OOO. 00 

1 clerk, 12 months, at >78 000. 00 

1 clerk, 12 months, at >78 900,00 

1 clerk, 12 month', at >78 900.00 

1 clerk, 2 month', at >78 l.lo po 

1 clerk, 11 days, at >78 iV .'ai 

1 clerk, 12 mouths, at>7(i ,sto. (HI 

1 clerk, 12 mouths, at >(>( ■ _ 70O oO 

1 eleik. 12 month', at >(>0 720.00 

1 clerk, 12 months, at .>.8i! OOo 00 

1 elerk, 11 month', at .>.80 iip 

1 clerk, 1 month 8 days, at >4o . . . 40 07 

1 clerk, 12 mouth', .it >88 420.00 

1 tyjiew riter, 12 months, at >.>8 I.Ol’o.Oi) 

I tyjiewriter, 11 iiinnths loda\s, at >7. .. >80. ||(' 

I t} jiewriter, 1 1 months 29 days, at .>00 71,s,iiii 

1 lyiiewriter, .> ilays, at ■>•80 _ _ , p; ;;;; 

I tyjiewriter. 1 1 niontli', at >70; 1 month at >78 s|.', on 

>81, l)S4. 90 
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Buildings and labor: 

1 captain of watch, 12 months, at S90 81,080.00 

I lieutenant of watch, 12 months, at 870 840. 00 

1 lieutenant (jf watch, 12 months, at 870 840. 00 

1 watchman, 12 months, at 8f;o 780. 00 

1 watchman, 12 months, at 860. . 720.00 

1 watchman, 12 months, at 860 720. 00 

1 watchman, 12 months, at -860 720.00 

1 wati-hman, 12 months, at 860 720. 00 

1 watchman, 12 months, at 860 720. 00 

1 watchman, 12 months, at 860 720.00 

1 watchman, 12 months, at -860 720.00 

1 watchman, 12 months, at 860. 720.00 

1 watchman, 12 months, at 860 720.00 

1 watchman, 12 months, at 860 720.00 

1 watchman, 12 mouths, at 860 720. 00 

1 watchman, 12 months, at 860. 720.00 

1 watchman, 12 months, at 860 720.00 

1 watchman, 12 months, at .860 720.00 

1 watchman, 12 months, at 860 720.00 

1 watchman, 11 months 20 days, at -860 718.00 

1 watchman, 10 mouths o-o days, at 860 710. 00 

1 watchman, 10 months ol days, at .860 708, 00 

1 watchman, 9 months 8:-! days, at 860 706. 00 

1 wat<‘hman, 10 months, at 860 600.00 

1 watchman, 6 months, at $.m; 4 months, at 8(j0 .570.00 

1 watchman, 6 months, at 855; 6 months, at 860 510. 00 

1 watchman. 3 months 4 days, at 860 188. 00 

1 general foreman, 12 months, at 8122..50 1, 470. 00 

1 carpenter, 191 days, at 84.40 85. 80 

1 carpenter, 18 days, at 84.40 79. 20 

1 carpenter, 6 day.®, at 84,40 13. 20 

1 cari)enter, days, at 84 40 l;I. 20 

1 workman. 12 months, at 850 600. 00 

1 wrapper. I!.’! days, at 82 66. 00 

1 packer, 19 days, at 82,25 42 75 

1 packer, 12 <lays, at 82,25 27. 00 

1 packer, 3 days, at .82.25 6. 75 

1 classified laborer, 12 months, at 847 564. 00 

1 classified laborer, 3 months, at 847 141. 00 

1 <-lassified laborer. 3 months, at 840 120. 00 

1 classitieil laborer, 1 month, at 840 40.00 

1 classified laborer, 13 days, at 81. .50. 19. .50 

1 skilled laborer, 10 months .‘>'.1 days, at 8.55 621. .50 

1 skilled laborer, U) months, at ,8.55 .5.50.00 

1 .skilled laborer, 12 months, at .8.50 600. 00 

1 skilled laborer, 12 months, at 8.50 600. 00 

1 skilled laborer, 1 1 months 11 ilays, at 8.50 568. 83 

1 skilled laborer, 2 months, at 840 SO. 00 

1 .ski!!p<l laborer. 2 iiKiiiths 25 days, at 8:15 99. 1 7 

1 skilled labo:er, 307 days, at 81. .50 4()0. ,50 

1 skilled laborer, .SO hours, at 80.55 44. 00 

1 watchman, 3 days, at 860 6.00 

SM 190.5 3 
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Buildings and labor — Continued. 

1 watchman, 3 days, at §60 §6. 00 

1 watchman, 1 month, at §5.5 55. 00 

1 watchman, 1 day, at §55 ]. S3 

1 watchman, 5 months 3-1 days, at §40 245. 3)4 

1 watchman, 83 (la\ s, at §1.75 145. 25 

1 laborer, 14 days, at §60 28. 00 

1 laborer, 7 months 13 days, at §47 .349. 37 

1 laborer, 1 month 34 days, at §47 100. 27 

1 laborer, 12 months, at §40 480. 00 

1 laborer, 12 raonth.s, at §40 480. 00 

1 laborer, 12 months, at §40 480. 00 

1 laborer, 12 months, at §40. . 480. 00 

1 laborer, 12 months, at §40. 480. 00 

1 laborer, 12 months, at §40 480. 00 

1 laborer, 12 months, at §40 480. 00 

1 laborer, 12 months, at §40 4.80. 00 

1 laborer, 12 months, at §40 4,80. 00 

1 laborer, 12 months, at §40 480. oO 

1 laborer, 12 months, at §40 480. 00 

1 laborer, 11 months 29 days, at §40 478. 67 

1 laborer, 11 months 29 da\s, at §40 478. 67 

1 laborer, 10 months 56J days, at §40 475. 34 

1 laborer, 10 months 48 days, at .§-40 464. 00 

1 laborer, 9 months, at §40 360. 00 

1 laborer, 7 months 21 days, at §40 311. .50 

1 laborer, 3 months, at §40 120. 00 

1 laborer, 8 months 10 days, at §35 291. 67 

1 laborer, 2 months, at §35 70. 00 

1 laborer, 7 days, at §2.25. 15. 75 

1 laborer, 40 days, at §2 .80. 00 

1 laborer, 36 days, at §2 72. 00 

1 laborer, 34 days, at §2 68. 00 

1 laborer, 294 days, at §2 59. 00 

1 laborer, 26 days, at §2 52. 00 

1 laborer, 23 days, at §2 46. 00 

1 laborer, 12 days, at §2 ... 24. 00 

1 laborer, 104 days, at §2 21 . 00 

1 laborer, 1 0 <lays, at §2 20. 00 

1 laborer, 64 days, at §2 13. 00 

1 laborer, 64 days, at §2 13. 00 

1 laborer, 3-J days, at §2 7. 50 

1 laborer, 3 days, at §2 6. 00 

1 laborer, 3 days, at §2 . . 6. 00 

1 laborer, 2 days, at §2 4. 00 

1 laborer, 3114 days, at §1.75 . , . .545. 13, 

1 laborer, 205 days, at §1..50 .307. 50 

1 laborer, 78 days, at §1..50 1 1 7. 00 

1 laborer, 59 days, at §1..50 88. 50 

1 laljorer, 52 ilays, at §1..50 7S. oo 

1 laborer, 48 days, at §1..50 72. 00 

1 laborer, 39 days, at §1.50. 58. 50 

1 laborer, 15 days, at §1.50 22. .50 

1 laborer, 13 days, at §1.50 19_ 50 
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Buildings and labor — Continued. 

1 laborer, 12 days, at J^l.oO $18.00 

1 laborer, 9 days, at $1.50. 13.50 

1 laborer, 9 days, at $1.50 13.50 

1 laborer, 401 ilays, at $1 40. 25 

1 laborer, 11.1 days, at $1 11. .50 

1 mail carrier, 12 luontlis, at $45 .540. 00 

1 messenger, 2 mouth.'--, at $40 SO. 00 

1 messenger, 7 months 3 days, at $35 248. 50 

1 messenger, 12 months, at $30 360.00 

1 messenger, 35 days, at $30 35. 00 

1 messenger, 1 month, at $20; 6 months 5 days, at $25; 

4 months 25 days, at .$35. 343. .34 

1 messenger, 7 months, at $20; 4 months, at $25; 1 month, 

at $35 275. 00 

1 messenger. 3 months 14 days, at $20; 8 months 16 days, 

at $25 282, 66 

1 messenger, 9 months 16 days, at $20; 26 days, at $25 212. 34 

1 me.ssenger, 7 months 11 day.s, at $20 147. 33 

1 messenger, 4 months 22 da\-s, at .$20 94. 67 

1 me.ssenger. 4 months 15 <lays, at .$20 90. 00 

1 messenger, 3 months 4 <lays, at $20 62. 67 

1 me.ssenger, 1 month 27 day.s, at .$20 38. 00 

1 messenger, 19 days, at $20 12. 67 

1 messenger, 14 days, at $1 1. .50 

1 mes.senger boy, 2 months 10 days, at $20 46. 67 

1 mes.senger boy, 9 days, at $20 6. 00 

1 attendant, 12 months, at $40 480.00 

1 attendant, 12 months, at $40 480. 00 

1 attendant, 182 da_\s, at $1.25 227. .50 

1 eleaner, 12 months, at $35 420.00 

1 cleaner. 12 months, at $3*5 420.00 

1 eleaner, 12 mouths, at $35 420. 00 

1 cleaner, 12 months, at .$35 420. 00 

1 cleaner, 1 1 months 24 day.®, at $35 413. 00 

1 cleaner, 5 months 23 days, at $35 201 . 83 

1 cleaner, 4 months 6 days, at $35 147. 00 

1 cleaner, 3 months 6 days, at $35 112. 00 

1 cleaner, 5 months 40 days, at $.30 __ 190. 00 

$43,949.12 

Total services 160, 422. 74 


PRESERY.\TIOX OF COLLErTIOXS, N.VTIOX.4L JIUSF.T-M, 1904. 

RECEIPTS. 

Balance as per report July 1, 1904 $6, 139. 


EXPEX'DITCRES. 

(July 1, 1904, to June 30, 190.5.) 


Special services $1,201.45 

Miscellaneous: 

Drawings and illustrations $457. 55 

Supplies 1,901.61 

Stationery 591. 15 
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jMiscellaneuun — Continneil. 

Travel §1, 343. 83 

Freifrht 44.5. 36 


Total miscellaneous 84, 739. 5.3 

Total expenditure 85,941.00 

Balance July 1, 1905, to meet outstanding liabilities 198.99 


PRESERVATION’ OF I'OELECTIOXS, XATIOX.VL MT'SEI'M. ly03. 

RIXEIITS. 

Balance as per report .Inly 1, 1904 8400. 23 


E'il'EXniTrRKS. 

[July 1,1901. toJmieai, 190.5. i 


Freight .39. 42 

Balance July 1, 1905 360.81 


Balance carried, uioler provisions of Ke\ ised statutes, section 3090, by the Treasury 
Dejiartinent to the credit of the surplus fund June 30. 1905. 

FERXITritE AXt» FIXTCHE-S, XATIOXAL MrSEUM, 1905. 

RECEIPTS. 

Appropriation by Congress for the fiscal year ending June 30, 1905, “for 
ca.ses, furniture, lixtiires, and appliances reiniired for the exhibition 
and safe-keejiing of the collections of the National Museum, including 
salaries or compensation of all nei'essary employees’’ (sundry civil act, 

April 28, 1904) 822,500.00 


E.VPEXDITlUtES. 


(.Inly 1 1901. Ill June 30. 190.5 ; 


Salaries or compensation .812, 460. 29 

Special services 329.00 


Total .salaries and services 812, 789.29 

Mi.scellaneous: 

Cases, exhihition 8220.00 

Cases, storage 1,884.00 


82,104.00 


Drawings 35.03 

Drawers, trays. boxi‘s 777.50 

5Voodw( irk go 

- 323. 00 

Hardware 5,5g 40 

'•’'5“'’^ - 16.19 

Cloth, ote 14“ 

I-"'"'”''’ 1,. 377. 27 

P’^ts .;i9 33 

Ofilce furniture ,S74 gg 

Ruhher, leather, cork 42.76 

10. 50 
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Miscellaneous — Continue<l. 

Plumbing material .$11. 08 

Paper 86. 00 

Glass jars 26. 77 

Total miscellaneous .$6, 940. 72 

Total expenditure $19, 730. 01 

Balance July 1, 1V(0.5, to meet outstanding liabilities 2, 769. 99 

Aniiluxis of e.i jieiiiiifun'x for i^olnrini or eonqirnridhni. 


(.July 3, 1904, to .Tune 30. 100.1.) 

1 superintendent, 6 months, at $106.66 $999. 96 

1 clerk, 12 months, at $100 1, 200. 00 

1 shop foreman, 12 months, at $8.5 1, 020. 00 

1 carpenter, 9 days, at $3 27. 00 

1 carpenter, 7 days, at $4.40 30.80 

1 carpenter, 313 days, at $3 939. 00 

1 carpenter, 313 days, at .$3 939. 00 

1 carpenter, 201 days, at .$3 • 603. OC 

1 carpenter, 78 days, at $3 234. 00 

1 carpenter, 8 days, at $4.40 3.5. 20 

1 carpenter, 1221 day.s, at $3 ,367. 50 

1 carpenter, 7 days, at $4.40 30.80 

1 carpenter, 312 day.s, at $3 936. 00 

1 painter, 9 months 41 days, at $70 725. 66 

1 painter, 9 months 54 days, at $75 810. 00 

1 .skilled laborer, 3 months 5 days, at $65 205. 83 

1 skilled laborer, 6 months, at $100 600. 00 

1 skilled laborer, 2 niunths, at $.55 110. 00 

1 skilled laborer, 1 mouth 82 days, at $75 280. 00 

1 skilled laborer, 3 days, at $4.40 13. 20 

1 skilled laborer, 10 months, 13 day.s at $65 678. 17 

1 skilled lat)orer, 1 month 98 days, at$75 320. 00 

1 workman, 313 days, at $2 626. 00 

1 laborer, 20 days, at $1 . 50 30. 00 

1 laborer, 15 days, at $1. 50 22. .50 

1 painter’s helper, 12 months, at $.55 660. 00 

1 messenger, 20 days, at $25 16. 67 


Total 12, 460. 29 

FfRXITVKI-: AXD FIXTI'RKS. X.rTtOXAI, MfsEfM, 19(14. 

JiECEIPTS. 

Balance as per report July t, 1904 $3 431. p.s 


EXPENDITURE-, 
l.ltilj 1. 19U4. to Juneau. 19(1'.. 1 


Miscellaneous: 

Cases, exhibition. $612.00 

Case-, storage 751 . 00 

$1,363.00 

Drawers, trays, boxes 1,230.67 

Frames, stands, miscellaneous woodwork 6.60 
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Miscellaneous — Contmued. 

Hardware 

Tools 

Cotton, cloth, etc 

Lumber 

Paints 

Office furniture 

Rubber and leather 

Flour 


$225. 16 
8.45 
118. 80 
184. 82 
2.25 
274. 25 
8.14 
3.00 


Total expenditure 


$3, 425. 04 


Balance July 1, 1905, to meet outstanding; liabilities 6. 94 

TfHNITURE .\ND FIXTURES, X.VITOXAL Mf.sEt'M, 1903. 


KECEIITS. 

Balance per last report July 1, 1904 $12. 58 

EXFEXmTLRE.S. 

(July 1. 1901, to June 30. 1905.) 

Zone. 


Balance July 1, 1905 12.68 

Balance carried, under provisions of Revised Sttitutes, section .3090, by the Treas- 
ury Department to the credit of the surplus fund June 30, 1905. 

HE.VTIXO AND LIGHTING, N.VTIUNAL MUSEUM, 1905. 


KECEIUrS. 


Appropriation by Congress for the fiscal year ending June 30, 1905, “ for 
exjtense of heating, lighting, electrical, telegrai)hic, and telephonic 
service for the Xntional Museum” (sundry civil act, April 28, 1904) .. $18,000.00 


EXPENDITURES. 


(July 1, iy04. to June W, 1905 ) 


Salaries or compensation $8, 173. 17 

Siiecial services 40. 00 


Total services 

Miscellaneous; 

Coal and wood $4, s80. 90 

<ias .527, 40 

Electricity 1, ;ioy. 90 

Telephones 490.25 

Electrical supplies 446. 44 

Rental call boxes 90. 00 

Heating supplies 449, 22 

Telegrams 6:; ;;2 


$8, 213. 17 


Total miscellaneous 8,317.43 

Total expenditure to June 30, 19a5 S16. .5;10. 60 

Balance J uly 1, 1905, to meet outstanding liabilities 1, 469. 40 
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Aiiah/s-is of erpeiiditirres for salaries or compensatimi. 

^Jttly 1, 1901, to Jniie 30, 1900.) 

1 engineer, 12 nionthp, at 812.') 81,500.00 

1 telephone operator, 12 months, at 870 840.00 

1 telephone operator, IS days, at 81. .50 27.00 

1 telephone operator, 5 days, at 81. ,50 7.50 

1 eleetrieian, 40 days, at 84 160.00 

1 blacksmith, 12 months, at 860 — - - 720. 00 

1 skilled laborer, 6 months, at 8100 600.00 

1 skilled laborer, 12 months, at 87.5 900.00 

1 skilled laborer, 12 months, at 8S0 960. 00 

1 fireman, 12 months, at 860 720.00 

1 iduiuber’s assistant, 12 months, at 865 780.00 

1 laborer, 12 months, at 840 480.00 

1 laborer, 11 months 29 days, at 840 478. 67 


Total 8,173.17 

LKiHTINXi, NATION'.VL MI'SErM. 1901. 

KECKIITS. 

Balance July 1, 1904, as per report 8815.68 

k.m'ksdituuks. 

(.Ilil.v 1, 1901. to.IlilieSO. 190.5.1 

Coal and ivooil 86. 19 

Gas 33. 60 

Teleidiones 165.90 

Rental call bo.\es 10.00 

Kleetrieal supplies 136.81 

Teleftrams 10. 84 

Electricity 141.51 

Ileatinji snp])lu‘s •. 2.56.25 


Total expenditure 761.10 


Balance Jidy 1. 191)5, to meet outstandinjr liabilities 54.48 

HE-VTINO. LKIHTINO, AWTIOXAL MUSEUM, 1903, 

KEIEIITS. 

Balance July 1, 1904, as ]ier reiiort 811.86 

K\ rKXDITURES. 

(July 1, I'.HM. t.> June .10. 1905.) 

None. 

Balance July 1, 191)5 11.86 

Balance carried, under precisions of Reviseti Statutes, section 3090, by the 
Treasury Department to the ereilit of the .surplus fund June 30, 1905. 
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POSTAGE, NATIONAL ilUSET’M, I'JOi. 


EECEIPI’S. 

Appropriation liy Congress for tlie fiscal year ending June 30, 1903, “for 
postage stamps and foreign postal cards for the National IMusenm’’ 


(sundry civil act, April 2S, 1904) ^500. 00 

EX PEN I UTERES. 

I July 1. 1‘iai. to Juiif ;i(i. JuuJ. . 

For postage itamps 300. 00 


PllINTJNG AND KINlUNo, NATIONAL MPSEI'Xl, IHUn. 

RECEIPTS. 

Appropriation liy Congress fur tlie fiscal year ending .luue 30. 190.3, “for 
the Smith.soniau Institution, for printing labels and blanks, and for the 
‘Bulletins’ and ‘Proceedings of the National Museum,' the editions of 
whicli shall nut he le.«s tlian 3,000 copies, and hinding in lialf tnrkey 
or material not more expensive, scientitie iiooks and ]iainphlets jire- 
sented to and aei(uired liy tlie National Mnseuin l.ibniry’’ (.sundry 


civil act. -Vjiril 2s, 1904) >>23,000.00 

EXI’EXtilTl RES. 

i.Iuly 1, 19UI. tu.luiu- :iu. HUB 1 

Bulletins of the (Museum $9, 401. .33 

Proceedings of the Mu.seuiii 0, 0.33. 13 

Contributions to National Herbarium 5, 020. 13 

Reprinting [lublicatiuus S22. 22 

Labels 400.33 

Blanks and circulars 133. 83 

Public document' 74. 10 

Binding 2, 389. 85 

Record boipks 400. 78 

Botanical cards 22. 49 


Total exjiemliture to June 30, I'JO.3 24,824.09 


Balance Jidy 1, 1903, to meet outstanding liabilities 173.31 


IIEXT up WOlIKsiluPS, NATIONAL MPSKf.M, I'JOJ 
RECEIPTS, 

fVpproiiriation by Congress for the liscal year ending June 30, 1905, “for 
rent of workshoi's and teinjiorary .storage quarters for the National 


Museum” (_ sundry civil act, April 23, 1904) 84, .580. 00 

EXPENlUTCREs. 

I.Iuly 1. I'JUl, to June JiJ, tlHB ) 

Rent of "workshops: 

431 Ninth street 33V., 12 luoiiths, at 8100.00. . 81,999.92 

217 Seventh street S\V., 12 mouths, at 8105 1, 200. 00 

309 and 313 Tenth street S\V , 12 luoiiths, at 880. 900. 00 

915 Mrainia avenue I lear), 42 mouths, at $30 300. 00 

Total expenditures to June 30, 190.3 4^ r-,79. 92 

Balance July 1, 190.5 .08 
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RENT OF WCRKsriOPS NATIONAL ilCSFI'M, lyOl. 

RECEIPTS. 

Balance as per report July 1 , I'JO-i — ?0. OS 


F.\ PENDITriiES. 

I.Ilily 1, IMCn, to Jiini; 3ll, 1S05 I 

None. 

Balance ,Tuly 1, lOO.') — 

RENT OF WORKSHOPS, NATIONAL MrSFPM, I'.KJ.I. 
KF.l EIPT-.. 

Balance as jier report J uly 1 , 1 1)04 


.ns 


50. 08 


1 VPENDI'ITKES. 


None. 


(Jnlyl. 19))I, t< * .1 une :itJ, IDOTi 


Balance July 1, 190.") .OS 

Balance carried, under [jrovisions of Rcii.-eil Statutes, section :ii)90, by the Treas- 
ury Peparttuent to the credit of the surplus fund June Mo, 190.'>. 

BflLDINO REI-AIRs. NATIONAL .MI.SKI'.M. ISlI'i, 


RECEIPTS. 


Appropriation hy Congre-s for the tiscal year ending June MO, 190."), ‘-for 
repairs to buildings, shops, and .-heils. National Musetini, inclinling till 
necessary labor and material” (sundry civil act, April i'.n. J904i Sin, 000. 00 


E.vPENnrrt ues. 
i.Inly 1, P.'PI. t,, .luiif .’.n, Itwf, i 


Salaries or compen.satiou Ss, 4M4. hs 

Special services 290.00 


Total salaries and servli’cs 58, 714. IS 

Miscellaneous : 

Repairs to roof ( by con trail ) 52, 004. .Ml 

Steel trusses 4.n0. Ot) 

Lumber M2M. 70 

Cement, mortar, marble, brick, sand 129.7.7 

Hardware, tools 226..")! 

Paints, oil, brushes 2t)9. .Ml) 

Skylights and gearing attachments 4.)0. no 

Glass - - MO. .so 


Total miscellaneous expenditures 4, 4S4. tl2 


Total expenditures to Jiini* MO, 190.) IM, 199. 10 

Balance July 1. 190."). to meet outstanding liabilities 1, ,800. 90 


>ff f'r/n fin- nr rouqini^-atiun. 

I Inly 1, Mil, te .nine .In Pm'i ' 


1 superintendent, 0 months, at .51l))>.<>l> 599t). 90 

1 foreman, 12 months, at 5.8.7 - 1. 02o. 00 

1 carjienter, 12 ilays, at .83 36.00 
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1 carpenter, 50 (iay.^, at Ijt! 150. 00 

1 carpenter, 243 <layp, at $3 729. 00 

1 carpenter, 3l3(layhJ, at S3 939.00 

1 carpenter, days, at S;i , 195. 00 

1 j)ainter, 7 days, at S7o , 17. 50 

1 painter, 15 days, at -475 37. 50 

1 painter, 15 days, at -Sl.a; 31 days at So 48. 00 

1 tinner, 2 months 29t days, at 870 208. 83 

1 rigger, 3 monttis, at 860 180. 00 

1 classiticd laliorer, 12 nmntiis, at 860 720. 00 

1 skilled laliorer. 4U days, at 875 103. 75 

1 skilleil laborer, 26 days, at 875 65. 00 

1 skilled laborer, IS days, at 82.50 45. 00 

1 skilled laborer, 7 months 132.1, days, at 870 799. 17 

1 .skilled laborer, IS days, at 82..50 45. 00 

1 laborer, 15 days, at 81.50 22. 50 

1 laborer, 61 days, at 81. .50 9.75 

1 laborer, 4 days, at 81. 50 6. 00 

1 laborer, 10 days, at 81.50 15.00 

1 laborer, 10 da\s, at 81.50 15.00 

1 laborer, 1 day, at 81 50 1.50 

1 laborer, 12 moutlis, at 840 480. 00 

1 laliorer, 23 days, at 81.50 34. .50 

1 laborer, 30 days, at 81.50 45. 00 

1 laborer, 5 ilavs, at 81.50 7.50 

1 laborer, 21 days, at 81.50 31.50 

1 laborer, 29 days, at 81.50 43.50 

1 laborer, 12 months, at §47 564. 00 

1 laborer. 5 days, at 81. .50 7.50 

1 laborer, S months 29] days, at -847 422. 22 

1 messenger, 10 months, at 830; 2 months, at 840 380.00 


Total 8,424.18 


BITl.DIXO KKI'MKS. X.tTION.VL JtCSEt'M, laOi. 
hkckiits. 

Balance, July 1, 1904, per report 82,468. 32 


EXPEx.orrrKEs. 


i.luly 1. 1»U4. til June 30. 190>) 


Total salarie- and servie.v 8956, 00 

iMiseelluneinis: 

Repairs ti i n « if ( contract ) 8846. 60 

I.undier 98. 56 

Mortar o, 40 

Hardware, tooN, etc 117.82 

I’aints, oils, rliemirtils etc 28.60 

Terrazzi i pavement , . :16.5. 00 


Total iiiiscellaneoiis e-xpeiiditnre 

Total exjienditiire 

Balance July 1, 1905, to meet outstaiidmj; liabilities 


1 , 458. 98 


2, 414. 98 


63.34 
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BUILDIXG REPAIRS, NATIONAL MUSEUM, 1903. 

RECEIFTS. 

Balance July 1, 1904, as per report $58. 04 


E.\ PENDITUKES. 


(July 1. 1904. to Juno 30. 190.1.) 

None. 

Balance J uly 1, 190.5 58. 04 

Balance carried, under jirovisions of Revised Statutes, section 3090, by the Treasury 
Department to the credit of the ; . ■■plus fund June 30, 190.5. 


BOOKS, NATIONAL JirSECJI, 1905. 


KEtEIPT.s. 

Appropriation bj- Congress for the fiscal year ending June 30, 1905, “for 
purchase of books, pamphlets, anil jieriodicals, for reference in the 
National Museum” (sundry civil act, April 2.8, 1904) $2,000.00 


Exi'E.N'nrriREs. 

(July 1. liHH. to Jui|..' 30. I9U.i ) 

Books, pamphlets, and periodicals 1, 0.34. 04 

Balance July 1, 190.5, to meet outstanding liabilities 965.96 

BOOKS, NATIONAL MfSKU.M, 1901. 

RErEIl>TS. 

Balance July 1, 1904, as per report §772. 40 


EXPENDITURES. 

(July 1,1901, loJuileJO, 190‘>.) 

Books, pamphlets, and iieriodicals 7.54.08 

Balance July 1, 190.5, to meet outstanding liabilities 18. 32 

BOOKS. NATIONAL MUSEU.M, 1903. 

KEUEIITS. 

Balance July 1, 1904, a.s per rejiort 49. 76 

EXPENOITUKES. 

I.) uly 1, P.tOl. to .Ume 30, 190.5.) 

Books, jiamphlets, and periodical^- 31.02 

Balance July 1, 1905 18.74 


Balance carrieil, under provisions of Itevised Statutes, section 3090, by the Treasury 

Department to the creilit of the snrjilus fund .Tune 30, 1905. 

NATIONAL MUSEUM. TK.ANSl'ORTATION OF EXHIBITS .VCpriRKD FROM THE LOUISIAN.V 

PURCHASE EXPOSITION 

REUElITs. 

Appropriation by Congress “for the transportation from the T.ouisiana 
Purchase Kxposition, 8t. Louis, Mo., to the U. S. National Museum, 
Washington, D. C., of exhibits acqiiiri'd by the I’nitcd States tiovern- 
ment for addition to tl'e culleutions in the National Museum, including 
expenditures incurred jirior to March 4, 19115, for packing, freight, 
cartage, unpacking, and ail other necessary expenses incident tliereto, 
to be immediately available” (sundry civil act, March 3, 1905) §6, 500. 00 
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EXPEXDITrKES. 

(July 1. 1904, to June 30, 1905.) 


Serviop.a 8304. 92 

Jli.^cellaneou.-;: 

Lumber, boxefi, barrels 8240.93 

Packing material 102.00 

Hanhvare 23. 40 

Freiglit ami cartage 497. 13 

Travel f 93.90 


Tdtal ]iii(-c»41aiie(iu.'j e-Kpencliture 9.39.96 

Tiital exjiemliture .?1,2()4. S8 

P.alance .Filly 1, 190.3. tn meet outstanding liabilitie.'i 5,23.3.12 


ITUCH.tSK OK SPKCIMKNS. N'.\TIOX.\L Mr.SKKM. tiXI I. 

HE('EII>TS. 

Balance July I, 1904, as per re(>ort .?1,482.27 


K.NI'E.MUTCKKS. 

(July 1 , loot, lo Jum* 30 , ]'vN).').) 

Purchase of specimen.s 867. .35 

Balance .July 1. 190.3, to meet outstanding liabilities 614. 72 


I’L'KC'II-V.SK OK Sl’KCIMKN.S. X.VnoN.VL .MCSKl .M, ]U(I3. 

HECEIl-rs. 

Balance July 1, 1904, as per report §.350. 18 

EYPEXPITCUEs. 

(July 1. lyot. to JunelK), ly03.) 


Purchase of specimens 71. 00 

Balance July 1 , 1905 279.18 


Balance carried, under provisions of Rey ised .''tatutes, section 3090, hy the Treasury 
Deptirtment to the credit of the .surplus fund June 30, 1905. 

ITBLICATIOX COXTKIHCTIONS TO .XATFOX.VL HEHBAliHVM, NATIONAL iH'SEfil, 1903. 

KECEIITS. 

Balance July 1, 1904, as per report §2. 71 

EN I>EXT>ITTKF.S. 
tJuly 1, 1904, to June 30. 1905.) 

Xone. 

Balance July 1, 1905 2.71 

Btilance ctirried. under pn ivisioins of Kevisetl Statutes, section 3090, liy the Treasury 
Department to the credit of the surjilus fund .June 30, 1905. 
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PLANS FOR ADDITIONAL BCILDING, N.ATIONAL MUSEUM, 1903. 


KECEirrs. 

Balance July 1, 1904, as per report 


§43. 20 


None. 


E.TPENDITURES. 

(July 1, 1904, to June 30, 190.5.) 


Balance July 1, 190.5 43. 20 

Balance carried, under provi>ions of Revisetl .Statutes, .section 3090, By the Treasury 
Department to the credit of the surplus fund .luiie 30, 190.5. 

.tSTKOPHYSIUAL OB.SERVATORY, SMITHSONIAN INSTITUTION, 1905. 

KECEIPTS. 

Appropriation by Congress for the fiscal year ending June 30, 1905, -‘for 
maintenance of A.strophysical Ob.servatory, under the direction of the 
Smithsonian Institution, including salaries of assistants, the jiurcha.se 
of necessary books and periodicals, apparatus, making necessary obser- 
vations in high altitudes, printing an<.l publishing results of rescarche.s, 
not exceeding 1,500 copies, repairs and alterations of buildings, and 
miscellaneous expenses, §1.5,000’’ (sundry civil act, April 2S, 1904) ... §15,000.00 


DISRUUSEMENTS. 

Salaries or comtiensation: 

1 aid, at §225 per month .§2, 700. 00 

1 junior assistant, at §150 per month 1,(350. 00 

1 clerk, at §125 per month 125. 00 

1 stenographer, at §1 10.(36 per month 1, 399. 92 

1 special assistant, at §100 per month 310. 00 

1 holometric assistant, at §50 per month (31. 67 

1 jihotographie assistant, at §70 per month 140. 00 

1 messenger hoy, at §20 per month 60. 00 

1 cataloguer, at §50 per month ,50. 00 

1 instrument maker, at §100 per month 1, 190. 00 

1 fireman, at §60 per month 714. 00 

1 carpenter, at §91 jier month 45. .50 

1 carpenter, at §3..50 per day 17. 50 

1 carpenter, at §3..50 jier day 1. 75 

1 carpenter, at §3.50 per day 10. 50 

1 carpenter, at §3.50 per day 21. 00 

1 painter, at §3 per day IS. 00 

1 painter, at §3 per day 6. 00 

1 laborer, at §30 per month 270. 00 

1 laborer, at §1.50 per day 7. .50 

1 cleaner, at §1.25 per day lt)3. 75 

1 cleaner, at §1.25 per day S. 75 


Total salaries or compensation §S, 970. S4 

General expenses: 

Apparatus 264. 37 

Building repairs, etc 290. 92 

Books and binding 169. 04 
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General expenses — Continued. 

Castini^ 

Drawintrs 

Electricity, gas, etc 

Freight 

Lumber 

Stationery 

Siij)plies, chemicals, etc 
Travel 


S202. 93 
92. 00 
1.S7. 05 
49. 90 

OO 

15.00 
430. 81 
145. SO 

SI , S40. 64 


Total dishursenients 


SIO, 811.48 


Raiaiice July 1. 1905 


4, 18S. 52 


.ISTKDPHYSK'AI. (IB.'KKV.\T<(I:Y. 'MITFJSD.NI.VX IN'STITt'TKiN, I'JOI. 


BalaiK'e .Inly 1, 1904, as per last re|iort 


General expenses- 

.Apparatus S3, 972. 94 

Books an<l l)inding 43 33 

Castings 12.20 

Drawings 21 . 90 

Freight 30.77 

Lumber 28. 87 

Postage and telegraph 2. 53 

Supplie.s, gas, etc 220. 96 


S4, 366. 52 


Total dishursenients 


4, 333. 50 


Balaiu-e July 1, 1905 33.02 

.VSTKIlPHYSIO.VL OBSEKV.VToltY. sMITHSHNI.tN IXSTITCTION', 190:i. 

Balance .Inly 1, 1904, as jier la~t re|iort S8. 02 


Balance carried, under jiruvi.sioiisi if Keviseil Statute.*, seetion 3090, by the Treasury 
Department to the credit of the surplus fund June 30, 1905. 


OBSEKV.tTIOX rIK KCLIl’SK, -M.VY as, 19UU. 

KECBIITS. 

Balance .July 1. 1904, as jier report $712. 29 


General expenses: 
Printing, etc . 


I>IsmESE.MEXTs. 


575. 80 


Balance July 1, 1905 136. 49 

Balance cairieil, under provi-ioiis of Revised .s^tatutes, section 3090, hv the Treasury 
Department to the credit of the surjilns fund June 30, 1905. 
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NATIONAL ZOOLOGICAL PARK, 1905. 


RECEIPTS. 


Appropriation by Congress for tlie fiscal year ending June oO, 190.5, “for 
continuing the construction of roads, walk.«, bridges, water supply, 
sewerage, and drainage; and for grading, planting, and otherwise 
improving the grounds; erecting and repairing buildings and inclosures 
and providing seats in the park; care, subsistence, purchase, and 
transportation of animal.s; including salaries or compensation of all 
necessary employees, the purchase of necessary books and periodicals, 
the printing and publishing of operations, not exceeding 1,.500 copies, 
and general incidental expenses not otherwise provided for, 895,0; 0“ 

(sundry civil act, April 2S, 1904) 895,000.110 


DISBURSEMENTS. 

Salaries or compensation: 

1 superintendent, at 8275 per month $3,500.00 

1 assistant superintendent, at $160.()t) per 

month 1.999.92 

1 clerk, at $125 per month 1, 500. 00 

1 clerk, at $125 j)er mouth 1, -lOO. OO 

1 stenographer, at $83.33 per month 999. 9i> 

1 messenger boy, at $40 per month 480. 00 

1 messenger boy, at $35 per month 420. 00 

1 messenger boy, at $1 per ilay 18. 00 

1 land.scape gardener, at $83.33 per month . . . 024. 97 

1 photographer, at $70 per month 420. 00 

1 head keeper, at $125 per month 1, 500. 00 

1 keeper, at $60 per month 720. 00 

1 keeper, at $60 per month 638. .50 

1 keei)er, at $60 per month 708. 00 

1 keeper, at $60 per month 720. oO 

1 keeper, at $60 per month 720. 00 

1 sergeant of ivatch, at $65 per month 429. 00 

1 watchman, at $60 per month 720. 00 

1 watchman, at $60 per month 660. 00 

1 watchman, at $60 per month 720. 00 

1 watchman, at $60 per month 60. 00 

1 watchman, at $60 per month 720. 00 

1 mechanician, at $3..50 per day 357. 00 

1 machinist, at $100 per month 1, 200. 00 

1 as.sistant foreman, at $65 per month 780. 00 

1 assistant blacksmith, at $60 per month 720. 00 

1 workman, at $60 per month 720. 00 

1 laborer, at $60 per month 6!I8. 00 

1 labi irer, at $60 per month 699. 00 

1 laborer, at $60 per month 422. 00 


Total salaries or comi)ensation $25, 174. 35 

Miscellaneous; 

Buildings 3, 023. 77 

Building material 588. 34 

Fencing, cage material, etc 537. 75 

Food for animals 13, 959. 10 



XLVI 


REPORT OF THE EXECUTIVE COMMITTEE. 


Jlii-celluneuus — Cuntiiiued. 

Freight and transpertatimi of animals SI, HiO. 19 

Fuel - 2,003.11 

Furniture 30. 98 

Luniher 1, 27S. 99 

Machinery, tool';, etc 38.5.82 

Miscellaneous supplies 903.04 

Paints, oils, glass, etc 2.50 .54 

Postage, telegrajili, and tt'leplione lit.5. 40 

Purcha.se of animals . 1 , .598. 00 

Road material and grading 42. 00 

Stationery, hooks, jirinting, etc 290. 27 

Surveying, i)lans, etc .578. 18 

Travel and field expi-nses 199. 92 

Trees, plants, etc ,50.95 

Water supply, sewerage, et(! 42. 31 

Park seats 105.30 


Total ini-i ellaneous 827,230.0.8 

Wages of iiu'chanii s and lahorers and liire of teams 
in constructing Imililiags and inelo^ures, laxiiig 
■water pipes, building roads, gutters, ami walks, 
planting trees, and otherwise improving tlu' 


groutids: 

1 carjienter, at 83 per day 9,55. .50 

1 workman, at 82 jier day 720. 00 

3 laborers, at ,82.2.5 jier day 1 , 200. ,80 

13 laborers, at .?2 per day 9, 179. 01 

17 laborers, at 81.75 per day 8, 003, 23 

30 laborers, at 81.50 per day 8. 097. 77 

2 laborers, at 81.25 per day 041, .59 

8 laborers, at 81 jier day .550. 25 

2 attendants, at 80.75 per day 2.88. 94 

1 lieljier, at 80.75 per day 03. 94 

4 helpers, at 80.59 per day 100. 14 

1 stonebreaker, at 80.09 per enbie yard 8. 40 

3 wagons and teams, at .83..50 per day 1. 193. ,52 

5 horses and earts, at 81 . 75 jier day 315. 00 

1 horse, at 80..50 jier day 35. 75 


Total wage- of meehanie', ete 


31,431.84 


Total disbursements 


883, 842. 27 


Balanee July f , 1905 


11, 157. 73 


N.VnOX.VL ZooLoilII-.VL I’AKK, 1904. 


Balance July 1, 1994, as per last rej><).'’t §14 434.97 

General expenses: 

Buildings §,S, 064. 28 

Fencing, cage material, etc 15.22 

Food for animals 1,301.32 

Freight 200.77 

Fuel 4.52.60 
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General expenses — C'ontinued. 

Furniture *129.50 

Lumber 47. 60 

Machinery, tools, etc 57.7.3 

ilisrelUineous supfilies 275.06 

Paints, oils, {rlass, etc 48,40 

Postage, telegraph, and telephone 78. 57 

Pureha.^e and transportation of animals 1 , 010. 67 

Road material, grading, etc 24.00 

Stationery, hooks, etc. 100.74 

Surveying, ]ilans, etc 575. 00 

Travel and tield expenses 29. 95 

Trees, jilants, etc 12.37 

"Water supply, sewerage, etc 34. 20 


Total ilisburseiuents *13,057.98 


Balance July 1 , 1905 1, 376. 99 

X.ITIOXAI. ZOOI.OUIC.VL I*.\KK, 

Balance July 1. 1904, as per last report *203.62 

General expenses: 

Building material *7.70 

Freight 20.07 

Special services, plans, etc 175,00 


Total dishursi-'ments 202. 77 


Balance .85 


Balan.e carried, ’..nder provisions of KevLed Statutes, section 3090, by the Treasury 
Deparfinent tiie credit of the suri>lus fund .Tune 30, 1905. 

ELEl’U.VNl iniCSlC, NWTIO.N.tL ZOOLDOIC.VL I’.VllK, 19u.i 
Balance July 1, 1904, as per last report *0. 54 

Balance carrieil, under provisions of Revised Statutes, section 3090, by the Treasury 
Department to the credit of the sur|>lus fund June 30, 1905. 

REC.ACITrL.VTIO.V 

The total amount of funds administered by the Institution durin., the year ending 
June 30, 1905, appears from the foregoing statements and a lount books to have 
been as follows. 

SMITJi.SOSI.i;, IXSTITCTIOX. 


Fioiii interest on ^ui'.tnsunian fund for the year *56, 220. 00 

From interest on West Shoie bonds 1,680.00 

From sales of publi -atioiis, repayments, freight, etc 6, 8ol. 72 

Cash from tempo' arv loan 10, lOu. 00 

*74, 761. 72 

Deduet deficit July 1 , 1904 362.80 


sM 1905 1 


74, 398. 92 
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APPEOPRIATIOXS COMMITTED BY COXGKE.SS TO THE CARE OP THE INSTITU- 
TION. 


International Exchanges, Smithsonian Institution; 

Fiom balance of 1902-3 

From balance of 1903—1 

From appropriation for 1904-5 

American Ethnology, Smithsonian Institution: 

From balance of 1902-3 - 

From balance of 190.3-4 

From appropriation for 1 904-5 

Preservation of collections, National Mu.senm; 

From balance of 1902-3 

From balance of 1 903-4 

From appropriation for 1904-5 

Furniture and fixtures, National Museum: 

From balance of 1902-3 

From balance of 1903-4 

From appropriation for 1904-5 

Heating and lighting. National Museum: 

From balance of 1902-3 

From balance of 1903— t 

From appropriation for 1904-5 

Postage, National ^lu.seum: 

From appropriation for 1904-5 

Printing and binding. National Museum: 

From appropriation for 1904-5 

Rent of workshops. National Museum: 

From balance of 1902-3 

From balance of 1903—4 

From approj)riation for 1904—5 

Building repairs, National Museum: 

From balance of l!t02-3 

From balance of 1903—4 

From appropriation for 1904-5 


§29. 44 
2, 674. 95 
27, 000. 00 


§29, 704. 39 


1,101.87 
1,906. 94 
40, 000. 00 

43, 008. 81 


400. 23 


6, 139. 99 
ISO, 000. 00 

186,740.22 


12. 58 


3, 431. 98 
22, 500. 00 

25, 944. 56 


11. 8(3 
815. 58 
IS, 000. 00 

18, 827. 44 


500. 00 


25, 000. 00 


.08 
. 08 
4, 5, Ml. 00 

4,580.16 

58. 04 
2. 468. 32 
15, 0110, (10 


17,526.30 

Transportation of exhibits acquire<l from the Linu.-iana Pur- 
chase Exposition, National Mnseum; 

Appropriation 6, 500. 00 

Books, National Miiseuin: 

From balance of 1902-3 49. 76 

From balance of 1903-4 772. 40 

From appropriation for 1904-5 2, 000. 00 


Piircha.se of specimens. National Museum: 


From lialance (jf 1902-3 350, 18 

From appropriation for 1903—4 1, 482. 27 


1, 832. 45 
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Contribution? to National Herbarium, National Museum; 

From balance July 1, 190-t $2. 71 

Plans for additional l)uilding. National Museum: 

From balance July 1, 1904 43. 20 

Astrophysical Observatory, Smithsonian Institution: 

From balance of 1902-3 §8. 02 

From l)alance of 190:3-4 4, 366. .32 

From a]iproj)riatioii for 1904-.5 1.5, 000. 00 

19, 374. 54 

Observation of eclipse of May 28, 1900: 

From balance July 1, 1904 712.29 

National Zoological Park: 

From balance of 1902-3 203. 62 

From balance of 1903—4 14, 434. 97 

From appropriation for 1904-5 95, 000. 00 

109,638. .59 

Elephant hou.se, National Zoological Park: 

From balance .Inly 1, 1904 .54 

.sr.MMAKY. 

Smithsonian Institution .874, 761. 72 

Exchanges 29, 704. 39 

Fithnology 43,008.81 

Preservation of collections 186, .540. 22 

Furniture and lixtures 25, 944. 56 

Heating and lighting 18, 827. 44 

Postage 500.00 

Printing and binding 25, 000. 00 

Rent of workshop.? 4, .580. 16 

Building repairs 17, ,526. 36 

Tran.s]>ortation of exhibits ac(|uired from the Louisiana Pur- 
chase Exposition, National Museum 6, 500. 00 

Books 2, 822. 00 

Purchase of specimens 1, 832. 45 

Contributions to National Herbarium 2. 71 

Plans for additi< inal building 43. 20 

Astrophysical < Ihscrvatory 19, 374. 54 

Observation of eclipse 712.29 

National Zo( )logical Park , 109, 638. 59 

National Zoological Park, elepliant liouse .54 

§.567, .319. 98 

The committee has examined the vouchors for payment from the 
Smithsonian income during the year ending June 30, 190.5, each of 
which bears the approval of the Seci-etaiw or, in his ab.sence, of the 
Acting Secretary, and a certificate that the materials and services 
charged were applied to the purposes of the Institution, 

The (juarterly accounts current, the vouchers, and journals have 
been examined and found correct. 
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tStateiiient of regular iin uiiie from the iSmilliroiiiiiii fitii'l acailahle fur use In the gear ending 


June SO, 1900. 

Balance July I, 1905 So, 153. 92 ’ 

Interest clue and receivable July 1, 1905 S28, 110.00 

Interest due and receivable January 1, 1906 . 28, 1 10. 00 

Interest, West Shore Railroad bonds, due July 1, 1905. 840.00 

Inti‘rest, W'est Shore Railroad bonds, due .Tauuarv 1, 1906 840. 00 

57, 900. 00 

Total available for year eiidin;; .Tune 30, 1906. 63, 053. 92 


lie.spoctfulh’ suhmittod. 

J. li. IIenueksox, ('liiAtf/iictn, 
Ai.EX.I.VDEIt CtR.\IIAM BeI.L, 
Robert R. Hitt, 

ut / ne L 'onnn ittee, 

Washin(4to-n, D. C., -fnintafi/ D, lOOV. 



ACTS AND RESOLCTIONS OF CONGRESS RELATIVE TO THE 
SMITHSONIAN INSTITLTION, ETC. 


[('oiitiinied troiii previous reports.] 


[Fiity-eiKhth Congress third 
S31ITH.SONIAX INSTITCTIOX. 

Hefoilved ht/ Ihe Scuxtc find JIoiis, <>f jRi.pi'iscuidtlrex of tin' Tliiftd 
StaUi^ of A>io-/'o-/i to CoiKji'rsK o.\t<ciid>h(f That the vaeaiiey on the 
Board of llej>viits of the Sinithsonian Ill.■^titntion. of the class other 
than meml)ers of Conji'ress, shall be tilled by the roap])ointnient of 
-lames B. Anc'oll. of Alichlcan, whose term of office expires on -Tanuaiy 
twenty -fourth, nineteen hundred and five. (Approved -lanuarv '23, 
1‘JOo; tStatutes, XXXIII, 127'.*.) 

Smithson'iax Dki’o.sit [Library oi' Congress]. — For custodian, one 
thousand live hundred dollars; assistant, one thousand two hundred 
dollars; messeujj'er, seven hundred and twenty dollars; messenger boy, 
three hundred and sixty dollar.''; in all, three thousand seven hundred 
and eio'hty dollars. (Appro\'ed February 3, Ibo.l; Statute.' XXXITI, 
6dU.) 

INTERN ATIONAU EXCHANGES. 

For expenses of the system of international exchanges l)etween the 
United States and foreign countries, under tlie direction of the Smith- 
sonian Institution, iin'luding salaries or compensation of all necessary 
emplor’ees. and the purchase of necessary books and periodicals, 
twenty -eight thousand eight hundred dollars. (Approved March 3. 
190.5; Statutes. XXXIIl, 116.5.) 

Naval Observatory. — For repairs to buildings, fixtures, and fences, 
furniture, gas. chemicals, and stationery, freight (including transmis- 
sion of I'ublic documents through the Smith.sonian exchange), foreign 
postage and expressage. plants, fertilizers, and all contingent expenses, 
two thou-sand five hundred dollars. (Approved Feln’uary 3. 1905; 
Statutes, XXXIIl. 666.) 

LI 
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BUREAU OF AMERICAN ETHNOLOGY^. 

For continuing ethnological researches among the American Indians 
under the direction of the Smithsonian Institution, including salaries 
or compensation of all necessary employees and the purchase of nec- 
essary books and periodicals, forty thousand dollars, of which sum 
not exceeding one thousand live hundred dollars may be used for rent 
of building. (Approved March 8, 1905; Statutes, XXXIII, IKiS.) 

ASTROPHYSICAT. OBSERY ATORY'. 

For maintenance of AstrophY’sical Observatory, under the direction 
of the Smithsonian Institution, including salaries of assistants, the 
purchase of necessaiw books and periodicals, apparatus, making neces- 
sary observations in high altitudes, printing and publishing results of 
researches, not exceeding one thousand five hundred copies, repairs 
and alterations of buildings and miscellaneous expenses, fifteen thou- 
sand dollars. (Approved March 3, Statutes. XXXIII. 1135.) 

NATION AI. MUSEUYl. 

For continuing the con.struction of the buiiding for the National 
Museum, and for each and every purpose connected with the same, one 
million five hundred thousand dollars. 

For cases, furniture, fixtures, and appliances required for the exhi- 
bition and safe-keejiing of the collections of tlie National Museum, 
including salaries or compensation of all necessary employees, twenti’- 
two thou.sand five hundred dollars. 

For expense of heating, lighting, electrical, telegraphic, and tele- 
phonic service for the National .Museum, eighteen thousand dollars. 

For continuing the preservation, exhibition, and increase of the 
collections from the surveying and exploring expeditions of the Gov- 
ernment, and from other sources, including salaries or compensation 
of all necessary emploY'ees, and all other necessary expenses, one 
hundred and eighty thou.sand dollars, of which sum five thousand live 
hundred dollars may be used for necessary drawings and illustrations 
for publications of the National Mu.seum. 

For the transportation from the Louisiana Purchase Exposition, 
►saint Louis, Missouri, to the United States National Museum, 'Wash- 
ington, District of Columbia, of exhibits acquired by the United States 
Government for addition to the collections in the National iNluseum, 
including expenditures incurred prior to iSIarch fourth, nineteen hun- 
dred and five, for packing, freight, cartage, unpacking, and all other 
neces.sary expenses incident thereto, to be immediately available, six 
thou.^^and live hundred dollars. 

I or purchase of books, pamphlets, and periodicals for reference in 
the National iluseum two thousand dollars. 
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For repairs to buildings, shops, and sheds. National Museum, includ- 
ing all necessary labor and material, fifteen thousand dollars. 

For rent of workshops and temporaiy storage (juarters for the 
National iNIuseum, four thousand tiv'C hundred and eighty dollars. 

For postage stamps and foreign postal cards for the National Museum, 
five hundred dollars. (Approved March S, 1905; Statutes, XXXIII, 
1165, 1166.) 

For the Smithsonian Institution, for printing labels and blanks, and 
for the ‘‘Bulletins" and “Proceedings" of the National Museum, the 
editions of which sliall not be less than three thousand copies, and 
binding, in half turkey or material not more expensive, .scientific 
books and pamphlets presented to and acquired bj" the National 
Museum Library, twenty-five thousand dollars. (Approved March 3, 
1905; Statutes. XXXIII, l^lii.) 

For books. National iMuseum, four dollars and thirty-four cents. 
(Approved March 3. 1905; Statutes, XXXIII, 1257.) 

NATIONAL ZOOLOGICAL PARK. 

For continuing the construction of roads, ivalks, bridges, water 
supply, sewerage and drainage: and for grading, planting, and other- 
wi.'e improving the grounds; erecting and repairing buildings and 
inclosui'cs; care, subsistence, purchase, and transportation of animals; 
including salaries or compensation of all neces.sary employees, the 
purchase of necessary books and periodicals, the printing and publish- 
ing of operations, not exceeding one thousand five hundred copies, and 
general incidental expenses not otherwise provided for, including pur- 
chase, maintenance, and driving of horses and vehicles required for 
official purposes, ninetv-five thousand dollars; one-half of which sum 
shall be paid from the revenues of the District of Columbia and the 
other half from the Treasury of the United States. (Approved March 
3, 1905; Statutes, XXXIII, 1166.) 

To pay amounts found due by the accounting officers of the Treas- 
ury on account of the appropriation “National Zoological Park,’’ for 
the ffiscal i car nineteen hundred and three, seven hundred and fifty 
dollars. (Approved March 3, 1905; Statutes. XXXIII, 1219.) 

I’ROVISION AGAINST DEFICIENCIES. 

That section thirty-six hundred and seventy-nine of the llevised 
Statutes of the United States is hereby amended to read as follows: 

“Sec. 3679. No Department of the Government shall expend, in 
anj’ one fiscal I’car. an\’ sum in excess of apjirop nations made by Con- 
gress for that fiscal year, or involve the Government in any contract 
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or obligation for tlie future pai’ment of money in excess of such 
appropriations unless such contract or oblig-ation is authorized by law. 
Nor shall any Department or officer of the (tovernment accept volun- 
tary service for the Government or cni[)loy personal service in excess 
of that authorized bylaw, except in cases of suddim emergency involv- 
ing- the loss of human life or the destruction of property. All appro- 
priations made for conting-ent expenses or other general purposes, 
except appropriations made for th*' fultilmimt of contract obligations 
expressly authorized bv law, or for objects required or authorized by 
law without reference to the amounts annually appropriatcnl therefor, 
shall, on or before the beginning of each fiscal j ear, be so ap]>ortioned 
Tw monthly or other allotments as to prevent undue expenditui-es in 
one portion of the year that may require deficiency or additional 
appropriations to complete, the .servict' of the fiscal year: and all such 
apportionments shall be adhered to except when waived or modified 
in specific cases by the written order of the hi'ad of the Executive 
Department or other Government establishment having control of the 
expenditure, but this provision shall not apply to the contingent 
appropriations of the Senate or House of lleprestmtatives; and all 
such waivers or modifications, together with the reasons therefor, 
shall be communicated to Clongress iit (-(.ninection w ith estimates for 
any addititmal appropriations re(piired on account thereof. Any 
person violating any provision of this section shall be summarily 
removed from office and may also be punished by fi tine of not less 
than one hundred dollars or by imprisonment for not less than one 
month." (Approved March :->. ItHD; Statutes. NXXlll. l-_t')7.) 

liESTRlCTlOXS ox I’RINTI.NO, RINDINO. AND ILLUSTltATTONS. 

And no more than an allotment of one-half of the sum hereby appro- 
priated shall be expended in the tii-st two (juarters of the fiscal year, 
and no more than one-fourth thereof may be expeiuled in either of the 
last two (juarters of the fiscal year, except that, in addition thereto, in 
either of .said last (|uarters, the unexpended balances of allotments for 
preceding (juarters may be exiteuded; * * * Pnirnhd 

That hereafter no part of the approjtriations made for jtrinting and 
binding shall be used for any illustration, engraving, or photograph 
in any document or report ordered iirinted by Congress unless the 
order to print expressly authorizes the .same, nor in anv doeument or 
rejiort of any Executivi- Department or other Government establish- 
ment until the head of the Executive Department or Government 
establishment shall certify in a letter transmitting such report that 
the illustration is necessary and relates entirely to tht' transaction of 
public business. (Approved March 3, IbOy; Statutes, XXXIII, lgl:3.) 



REPORT 


OF 

S. P. LANGLEY, 

SECRETARY OE THE SMITHSONIAN INSTITUTION, 

FOR THE 

YEAR ENDING JUNE 30, 1905. 


To the Board of Regent i of the Smithsonian Instifitfion. 

Gentlemen ; I liave tlie lioiior to pTe-;ent liereivith my report, 
showing- the operations of the Institution during the year ending 
June 30, 1905. including the work placed under its direction by Con- 
gress in the United States National iluseuin, the Bureau of American 
Ethnology', the International E.\changes. the National Zoological 
Park, and the Astrophysical Observatory. 

Eolloiving the precedent of several years, there is given, in the 
body of this report, a general account of the affairs of the Institution 
and its bureaus, ivhile the Appendi.x jiresent.^ more detailed state- 
ments by the jiersons in direct charge of the different branches of 
the M'ork. Independently of this, the operations of the National 
Museum arc fully treated in a separate volume of the Smithsonian 
Report, and the Report of the Bureau of Amei'ican Ethnology con- 
stitutes a volume jirepared under the supervision of the Chief of 
that Bureau. Tlie -cientiilc work of the Astrophysical Observatory 
is recorded in occasional publications. 

THE SMITHSONIAN INSTITUTION. 

THE KST.H’.LISH.MENT. 

Bv act of Congress approved August 10. ISIO. the Smithsonian 
Institution was created an Establishment. Its statutory members are 
the President, the Yice-Pre>ident. the Chief Justice of the United 
States, and the heads of the E.xecntive Departments. Tin* preroga- 
tive of the Establishment is " the supervision of the alfairs of the 

1 
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Institution and the advice and the instruction of the Board of 
Eegents.” 

As organized on June 30, 1905. the Establishment consisted of the 
following ex officio memljors : 

Theodore Kooseveet, President of the United States. 

Ctiarees IV. rAiRBANKS. Y ice-Pi'esldent of the United States. 

Melville W. Fuller. Chief Justice of the United States. 

Joiix Hat, Secretary of State. 

Leslie iM. Shaw. Secretary of T reasury. 

MTlliaai H. Taft, Secretary of IVur. 

IViLLiAvr II. Moody, Attvrne y-Gene red. 

Georce B. CoRTELYim, Post tnaste r-Ge nertd. 

Paul Morton, Secretary of Xary. 

Ethan .Vllen Hitchcock, Secretary of the Interior. 

Ja-ues Mh LsoN, Secretary of A(yricaltare. 

Victor H. ^Metcalf, Secretary of Commerce and Labor. 

OR(!ANIZATIOX OF THE BOARD OF REGENTS. 

The Board of Regents consists of tlie Vice-President and the Chief 
Justice of the United ^States as ex officio memhers, three members of 
the Senate, throe ineinbors of the House of Rejiresentatives. and six 
citizens. “ two of whom shall be residents of the city of IVashington 
and the other four shall be inhabitants of some State, but no two of 
them of the same State." 

As organized at the end of the fiscal year, the Board consisted of 
the following members; 

The Hon. !M. M'. Fuller, Chief Justice of the United States, Chan- 
cellor; the Hon. C. IV. Fairbanks. Vice-President of the United 
States; Senator S. M. Culloin. Representative R. R. Hitt. Representa- 
tive Robert Adams, jr.. Represemtative Hugh A. Dinsinore, Dr. James 
B. Angell. of Michigan; Dr. Andrew D. White, of New Ifork; the 
Hon. J. B. Henderson, of IVashington City; Prof. A. Graham Bell, 
of IVashington City; the Hon. Richard Olney, of Massachii.setts, and 
the Hon. George Gray, of Delaware. 

There are two vacancies on the Board, caused by the death of Sena- 
tor O. H. Platt and the retirement of Senator Francis M. Cockrell. 

AIEETINGS OF THE BO.XRl) OF REGENTS. 

xVt a meeting of the Board of Regents held March 12, 1903, the fol- 
lowing resolution was adopted ; 

“ Resolved. That in addition to the prescribed meeting held on the 
fourth "Wednesday in January, regular meetings of the Board shall 
be held on the Tuesday after the first Monday in December and on 
the Gth day of March, unless that date falls on Sunday, when the 
following Monday shall be substituted.” 
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In accordance with the above resolution the Board met on Decem- 
ber 6, 1904, January 25, 1905, and March 6, 1905. 

The following is an abstract of its proceedings, which latter will 
be found in the annual I'eport of the Board to Congress : 

REGULAR MEETING OF DECEMBER (). 1904. 

A statement concerning the disposition of the remains of James 
Smithson, and the report of the special committee having in charge 
the final disposition of the remains, was presented to the Board, 
which adopted the following resolution : 

“ Resolved, That the special committee having in charge the matter 
of the final disposition of the remains of James Smithson be author- 
ized to receive the original tomb, and to place it, suitably inscribed, 
with the remains, in some proper position that they may select in the 
grounds of the Institution; the expenses involved in the matter to 
be met from the funds of the Institution.” 

The Secretary made a statement to tlie Board concerning the prog- 
ress on the now building for the National Museum. The excavation 
for the building was liegun on June 15, 1904. and the laying of the 
foundations in concrete was finished November 9. 1904. The con- 
tracts for the granite had been entered into. 

The Secretary recalled to the Board the various bills introduced 
for the preservation of aiiticpiities on the national domain. He had 
learned in the meantime that the Secretary of the Interior had in 
contemplation a l)ill which would meet the needs of the Department 
and be satisfactory to tin- Institution, which had prepared for the 
Secretary of the Interior the reipiisite maps giving the location of 
antiquities on the public lands. Tlie Secretary of the Interior had 
also taken preliminary steps for the aiipointment of guardians for 
important ruins. 

ANNUAL .MEETING. .T.ANUARV 2.J. 1905. 

The Secretary announced the reappointment of Dr. J. B. Angell 
as a Regent for six years, by joint resolution approved by the 
President January 19. 1905. 

The usual resolution relative to income and expenditure was 
adopted, and the annual reports of the Secretary, the executive com- 
mittee. and the permanent committee were submitted. 

The special committee on the disposition of the remains of James 
Smithson reported the arrival of the original tomb, and their decision, 
under the authority given at the previous meeting, to place it and the 
remains within the Smithsonian building. A statement of the rein- 
terment of the remains will lie found on a ^ubsecpient page. 

The Secretary informed the Board of the jiroposal of Mr. Charles 
L. Freer, of Detroit, to l)(M|ueath or to make ii deed of gift, to take 
effect upon his death, of a collection of paintings and etchings, largely 
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those of AMiistler and his school, and of American and oriental pot- 
tery and other objects of art; and of erecting a building to be used 
solely for the i)urposc of exhibiting these objects, on condition that 
the Regents should provide for the maintenance of the building and 
collections. The Secretary had laid this matter before the executive 
committee under date of December Hi. M'hich adopted the following 
report : 

“ The executive committee, having heard with interest and appre- 
ciation the statement by Secretary Langley of the proposition and 
views of jNIr. Charles L. Freer, of Detroit, to intrust to the Smith- 
sonian Institution a collection of works of art, now in his possession, 
which has already cost $(100,000, and to which he proposes to add 
almost as much more, and to construct for housing it a hall costing 
$500,000, ujjon condition that all the expense and responsibility for 
its care and maintenance shall be provided, are of opinion that it 
would be well for the Board of Regents to consider such a proposition 
in sympathy with the broad and cultivated spirit in which it is made; 
but as it is presented only as a statement of a conversation with Mr. 
Freer, it is requested by the committ<'C that Sc'cretary Langley com- 
municate with Mr. Freer, and suggest to him that lie put in more 
precise form his views and his wishes, so that the action which the 
committee may recomnumd to the Board shall hi- siu'h as will exactly 
set forth Mr. Frecr's purposes and be given the careful consideration 
appropriate to such an enduring benefaction. 

“■ It is further requested by the committee that Mr. Freer be com- 
municated with in such time that his reply may be received and be 
considered by the committee before the meeting of the Board, which 
occurs on January 2.5. I'.tO.'l.'' 

After reading siweral communications from Mr. Freer on the 
subject, and the correspondence between him and the .Secretary, the 
following resolution was adopted : 

"Reiioli'i'd. That the Chancellor appoint a committee of three 
Regents, whose duty it shall be to make personal examination of the 
collection of art objects which Mr. Charles L. Freer has proposed to 
give or bequeath to the .'Smithsonian Institution, and make report to 
ilie Board of its value and merits: and said committee is further 
instructed to ascertain from Mr. Freer what alterations, if any, can 
be made in the conditions of his very generous proposal; and the .Sec- 
retarv of this Institution is hereby added as an additional member of 
this committee." 

The following committee was then appointed : Doctor Angell, 
Senator Henderson. Doctor Bell, and the .Secretary. 

r.cGrr. Vi! meetixc of march 0, 10u,3. 

The Secretary asked the Board's approval of his appointment of 
Dr. Cyrus Adler as Assistant .''ecretary of the Institution, and the 
following resolution was adopted: 

"Resoh'id, That the appointment by the .'^(‘ci-etary of Dr. Cvrus 
Adler as Assistant .Secretary of the .Smithsonian Institution, in 
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charge of the Library and the Exchanges, with such additional duties 
as the Secretary may assign him. be approved." 

In the absence of Doctor Angell, chairman of the special commit- 
tee, Senator Henderson presented a report giving an account of the 
visit of the committee to Detroit and their conference with Mr. 
Freer. The report wa.s fully discussed, and the following resolution 
was adopted : 

'"'Besoh'ed, That the Board of Eegents take this occasion to exj^ress 
their sincere thanks to Mr. Charles L. Freer, of Detroit, for the cour- 
tesy shown to the committee of the Regents which recently visited 
Detroit to examine his art collection; and that further consideration 
of his generous offer to donate the same to this Institution or the 
United States be continued until the next meeting of the Board of 
Regents." 

The Secretary stated that Capt. John Donnell Smith, of Baltimore, 
had donated to the Institution his entire botanical collection, and the 
Board adopted the following resolution : 

'"Re.‘<oIrcd, That the thanks of the* Board of Regents be tendered 
to Capt. John Donnell Smith for his generosity in presenting to the 
Institution his large and valuable collection of plants and books on 
botany, which is gTatefully accepted." 

The Secretary stated that a room in the Smithsonian building had 
been fitted up as a temporary resting place for the remains of Smith- 
son. and a.sked the Regents to be present at their transfer. 

After adjournment, tlie Regents repaired to the room referred to, 
where, in their jn'esence. the remains were placed within the tomb, 
which was then sealed. 


OEXEK.VL COXSIDEK.VTIUXS. 

Sixty years ago, when Joseph Henry became the first Secretary of 
the Smithsonian Institution, the scope of the work he assumed was 
practically unlimited; Smithson's dii’ectiou being that his bequest 
was to be used for the " increase and diffusion of knowledge among 
men." After considering many suggestions as to how this might best 
be done. Professor Henry decided that the proper function of the 
Smithsonian Institution was " to assist men of science in making 
original researches, to publish them in a series of volumes, and to give 
a copy of them to every first-class library on the face of the earth.” 
This has remained the policy of the Institution; and although its 
operations have, of necessity, been modified fi’om time to time, its 
original breadth of scope has never been narrowed. 

The methods of assisting in original research have been various. 
Numerous grants have been made to qualified investigators, and 
expeditions have been sent out in many directions. Several enter- 
prises undertaken by the Institution on a small scale outgrew the 
original intention and, in accordance with the policy of the Institution 
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not to carry on work that could be done elsewhere, have been allowed 
to establish themselves independently, chief among which are the 
United States Weather Bureau, the Geological Survey, and the Fish 
Commission. Other establishments, as the National Museiun, the 
Bureau of American Ethnologj’, the International Exchanges, and 
the National Zoological Park, have continued under the direction of 
the Institution. It led the way in the organization of library work in 
the United States; it took the initial steps and continues to support 
schemes for international cataloguing, and it maintains a benevolent 
relation with the American Historical Association and the National 
Society of the Daughters of the American Revolution. 

The results of all important investigations and the operations 
of the Institution and its dependencies are reported upon constantly. 
Its publications, which include more than 250 volumes, are to be 
found in all the important libraries of the world, and some of them 
on the work table of every scientific student. Through the agency of 
the International Exchange System, these works, together with other 
public documents and learned treatises, are distributed throughout the 
civilized world, and the foreign works received in exchange are 
invaluable in American scientific libraries. 

Thus the Smithsonian Institution is in constant association with 
the Government and all the public institutiotis of the United States. 
To them the Institution holds out a friendly cooperation, its aim 
being, while continuing its own work upon its accepted lines and 
adapting them to new needs as occasion arises, to continue along the 
established policy of preventing rivalries, promoting Avise cooper- 
ation, diminishing Avaste, and furthering the search for knowledge, 
the recording of discovered truth, and its dissemination among the 
people. 

In this great work the individual is not lost sight of; the publi- 
cations of the Institution are Avidely distributed, its library constitutes 
an important part of the Library of Congress, r.nd its museum is the 
rarest in existence in many branches of the natural history and eth- 
nolog}’ of the New World. Less imposing than these methods of 
seiwing the public, but no less important, is the satisfaction of a con- 
stant stream of inquirers. Avhose letters from cA'ery corner of the 
country bring questions bearing on eA ery branch of knowledge. 

BL1LD1XG.S. 

The only important building operation carried on during the past 
year, of course excepting the Avork on the iicav Museum building, was 
the construction of a mortuary chapel to contain the tomb of James 
Smithson, brought from Italy. 
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When the San Benigno Cemetery at Genoa was expropriated for 
municipal purposes by the Italian Government in 1903, the Regents 
determined to bring the remains of James Smithson to Washington. 
Dr. Alexander Graham Bell, the committee appointed for this pur- 
pose, was successful in his mission, and on January 25, 1904, formally 
gave the remains into the hands of the Regents. Doctor Bell’s report 
and an account of the ceremonies incident to the removal and recep- 
tion of the remains were published in the Annual Report for 1904. 

The body, upon its arrival in Washington, was placed temporarily in 
a room in the Smithsonian building containing the relics of Smithson. 
While resting there, the remains were examined by medical experts 
and found to be in a remarkable state of preservation. Meanwhile, 
a small mortuary chapel was prepared for them on the immediate 
left of the north entrance of the Smithsonian building, and on March 
6, 1905, the remains were carried to this chapel and, in the presence of 
the Regents, replaced in the original tomb, recently brought from 
Genoa (plates i, h), where they will rest until Congress makes 
adequate provision for their interment. 

Work on the reconstruction on the large archeological hall in the 
main Smithsonian building has continued throughout the year, as 
has the process of repairing various portions of the roof of the Mu- 
seum, including the re-covering of the central rotunda. Some time 
has also been spent in going through the subcellar of the Museum 
building removing dead wires, whitewashing, and otherwise improv- 
ing its condition. 

FIN.\XC'ES. 


The permanent funds of the Institution are as follows: 


Bequest of Smithson, 184(5 $515, 169. 00 

Residuary legacy of Smithson, 1867 26, 210. 63 

Deposit fi'om savings of income, ]S<;7 108,620.37 

Bequest of James Hamilton. 1875 $1, (HXi. 00 

Accumulated interest on Hamilton fund, 1895 1,000.00 

2 . 000 . 00 


Bequest of Simeon Ilabei, 1880 500. 00 

Deposit from proceeds of sale of bonds, 1881 51, 500. 00 

Gift of Thomas G- Hodgkins, 1801 2(X), 000. 00 

Portion of residuary legacy of Thomas (J. Hodgkins, 1894 8, 000. 00 

Deposit from savings of income, 1903 25, (XH). 00 


Total permanent fund .9,37. (XK). 00 

The above fund is deposited in the Treasury of the United States 
and bears interest at 6 per cent per annum under the provisions of the 
act organizing the Institution and act of Congress approved iMarch 
12, 1894. In addition to the permanent fund, the Regents hold cer- 
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tain approved railroad bonds ^Yhieh form part of the fund established 
by Mr. Hodgkins. 

At the beginning of the fiscal year July 1. 1904, there Avas a 
deficit of 83():1.S0 instead of a credit balance of $f().fi48.33. as stated 
in my report for the year ended June .‘’0, 1904. On June 2, 190.1, it 
Avas discovered that the accountant of the Institution Avas a defaTdter. 
and that by the aid of false entries and erasures he had been abh' to 
conceal his misdeeds from detection. lie Avas immediateh’ placed in 
the custodA' of the hnv and an examination of the lAooks and accounts 
Avas commenced, but the total amount of the defalcation had not Ijeen 
determined at the close (jf the fiscal year, and a more complete 
statement Avill be submitted in a s^jecial report. 

During tlie year the total receipts deposited in the XreasnrA’ of the 
United States in behalf of the Institution Avorc 874,761.72. Of this 
sum S.lf.OhO AA'ei’e deriAed from intei-est. SI 0.000 from a temporary 
loan, and the lialance of $7,701.72 from miscellaneous sources. The 
disbursements during the year amounted to 8on.24.'). the details of 
Avhich are giA'en in the report of the executiA'e committee. The 
l)alance remaining to the credit of the Secretary on June 30, 190.), 
for the expenses of the Institution. Avas 8.7.1 92. 

During the fiscal year 190.7 tlie Institution Avas charged by Con- 
gress Avith the disl)ur.-einent of the folloAving appropriations: 


International Exchanges .‘P27, 000 

American Ethnology 40, OOO 

Astrophy.sical Obser\-atory l.j, 000 

United States Xational .Aluseuni : 

Furniture and fixtures 22, 500 

Heating and lighting 18,000 

iTeservation uf collections 180,000 

Postage 500 

Books 2, 000 

Bent of A\'(jrkshops 4.580 

liepairs to Imildings 15,000 

National Z{)ological Park 0.5,000 


Total 419, 580 


The folloAving estimates Avere forAvardod as usual to the Secretary 
of the Treasury for carrying on the (Tovernment's interests under the 
charge of the Institution for the fiscal year ending June 30, 1906. 
This table sIioavs the estimates and sums respectively appropriated : 
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International Exrhange'=; 

American Ethnology - 

Astropliysical Ob'^ervatory 

National iluseum: 

Furniture and fixtures 

Heating and lighting . . 

Preservation of collections - - 

Purchase of sjiecimen'' 

Books 

Postage 

Building repair-^ 

Rent of workshops 

Sunday and night opening . - 

Transportation of exhibit*' 

Building for National IVIuseuiu 

National Zoological Park - 

Readjustment of boundaries. Zoological Park 

Total 


1 Estimates 

i Appropri- 
, ations. 

$84,600 

1 

$28,800 

50,000 

40.000 

15,000 

15,000 

22,500 

22,500 

18,000 ! 

18.000 

I 210.000 

180,000 

1 10,000 


1 5.000 

j 2 ,ono 

1 500 

: 500 

1 1,5,000 

1,5,000 

4.580 

11,616 

4,5.so 

' 6,500 

! 6,500 

1,500,000 

i.5oo,ax) 

i:i5,000 , 

95. (.KX) 

60.000 


2. OUS, 296 

1,927,860 


RESFAKCTIES. 

In accordance with the original plan of the Institution that its 
Secretary should devote his time to scientific matters as well as 
administrative." re.-earch work in various fields has been continued 
under my direction by the Iii'^titiition and its doirendencies. 

In the Astropliysical Observatory I have continued work believed 
to be ini2:)ortant. and inangnirated some ex])eriments of novel interest, 
which are referred to later. 

Through the iMuseum and the Bnrean of American EthnologA* 
the Institution has been enabled to carry on various biological, 
geological, and ethnological rC'earches. which will be found fully 
described elsewhere in this reijort. 

HODGKINS FUND. 

Frequent applications for grants from the Hodgkins fund are 
received: and while, as noted in itrevions laqtorts. the conditions 
establishing the foundation are such as to mea'Ural)ly restrict the 
scoj)e of its activiti('s. all requests for aid are carefully considered 
atid acted on. In addition to the researches here mentioned, reports 
on several interesting investigations, already noted as in j^rogress, 
are still awaited and will he jjuhlished later. 

A grant ha^ been a2:>proved on behalf of IMv. A. L. Fotch. of Blue 
Hill Htheorological Observatory, whow inve'tigations of the upper 

nReKoIi:r(f, That the Secretary eoiitiiiiie tiis researches in physical science, 
and present such facts and principles as may he developed for publication in 
the Smithsonian contributions. (Adopted at meeting of the Board of Regents, 
January 2(i. 1S4T.) 

SM 1905 5 
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air currents l^v means of kites have been aided by the Hodgkins 
fund. Hr. Kotch conducted a f-eries of exi>eriinents at the St. Louis 
Exposition with ballons-sondes. vliicli carry instruments only, these 
recording automaticalh' the temperature and i^re^sure of the air, 
the duration of flight and the place of landing, indicating also the 
velocity and direction of the air cuiTents traversed. The success of 
these first experiments in America with I’ecording balloons was such 
as to wairant their continuance under the ~ame directioit. and on 
their termination the results will be embodied in a report by Mr. 
Rotch for publication l)y the Institution. 

A paper on the Construction of a Vowel Organ, by Dr. E. W. 
Scripture, has been recently published by the Institution. This arti- 
cle gives the details of work under a Hodgkins grant approved for 
the puri^ose and mentioned in my last report. 

In extending his researches in connection with speech or phonetics 
Doctor Scrit)lure has been fortunate in securing individual gramo- 
phone voice records of much historical interest. A voice record of 
the Emperor of Germany was transmitted by Doctor Scrii)ture in 
January. 100."). for preservation in the United States National Mu- 
seum. This record gives, in about Gvo hundred words, the Emperor’s 
concejhion of the aims and beauty of true manhood and of man’s 
duty to his fellow, and recognizes the wisdom of the Almighty and 
Omniscient Creator. At present only one other record of His Maj- 
esty's voice exists, namely, one made at the same time for preserva- 
tion in the library of Harvard University. 

The exjjerimeiits conducted by Mr. Alexamh'r Larsen, of Chicago, 
in connection with the photograjthv of lightning flashes, with a 
special effort to measure their duration, mentioned in my last report 
as having been aided by a limited grant from the Hodgkins fund, 
have been continued during the year and the result' carefullv re- 
ported. An interesting researcli on the fluorescence of minerals has 
also been carried on by Mr. Tairsen. more than 100 specimens, sent for 
the puritose by the Institution, having been examined and reported 
on. During these experiments many interesting facts have been 
noted, which may jirove the basis of further investigation. 

A mod(>rate additional grant has been ap[)roved during the year 
on behalf of Doctor vou Lendenfeld. of the K. K. Zoologisches Insti- 
tute. Prague, to assist in defraying the cost of the construction of an 
improved apjiaratus for taking the scj-ial instantaiu'ous photographs 
recpiired for studies of the flight organs of animals. Doctor von 
Lendenfeld has given serious and protracted att(‘ntion to this subject, 
in connection with which mimei-ous articles jirepared by him. or 
under his direction. hav(> been published. A jiaper bv Doctor Mascha, 
supervisial by Doctor von Lendenfeld. on " The .Structure of M ing- 
Feathers." has recently been printed in the Smithsonian Miscella- 
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neons Collection;', and the translation of an article by Doctor von 
Lendenfeld on the ” Itelation of Wing Surface to AVeiglit of Body," 
jniblished originally in the Naturwissenschaftliche Wochenschrift, 
appeared in the Smithsonian Keport for IhOl. 

Ill May. a grant was approved on behalf of Prof. W. P. Brad- 

ley. of IVesleyan University, for an experimental investigation of the 
expansion of air through a nozzle. As all practical forms of appa- 
ratus for the production of liquid air depend, .so far, upon this type of 
expansion, the research is deemed an inqiortant one. the more so from 
the fact that the tlu'ory of the no/.zh' expansion of gases is in dispute 
and must aiiparently remain so until more complete data are secured. 

The results of previous experiments in the licpiefaction of air. car- 
ried on by Professor Bradley at Wesleyan University, show conclu- 
sively that he is in an exceptionally favorable position for the direc- 
tion of an e.xtended iiK|iury into the factors which make for elliciencv 
in such a research, and as it is expected that further investigation 
will materially aid a decision as to certain questions concerning which 
experimentalists are not fully agreed, the reiiort to be submitted by 
Professor Bradley is awaited with intert'st. 

Early in the year li'04 a third grant was approved on behalf of 
Dr. Carl Barns to aid in preparing the completed report of his 
recent research for publication. This memoir. "A Continuous Eecord 
of Atmospheric Nucleation," is in press, as one of the Smithsonian 
Contributions to Knowledge, and will be the third and last volume of 
the series gi\ing a detailed account of the investigation of Doctor 
Barns. A reqiu'st that a summary of the work should be prepared by 
the author for presentation before tlu' first international congress on 
ionization and radioactivity at Liege in tseptember. lhO.->. was ap- 
proved. thus enabling an investigation on a subject of much immedi- 
ate interest, prosecutetl under the auspices of the Institution, to be 
brought to the attention of this notable gathering. 

The subscription to the Journal of Terrestrial Magnetism and 
Atmospheric Electricity has been renewed for the present year, with 
the understanding that the publication will be maintained in the 
future without such aid. a stipulated number of copies being for- 
warded this year, as heretofore, to addresses designated by the Insti- 
tution. 

Among the miscellaneous investigations aided by the Institution 
during the year I may mention that Dr. Edward L. Greene, asso- 
ciate in botany. United States National Museum, has undertaken to 
prepare for publication by the Smithsonian Institution a monograph 
to be entitled " Landmarks of Botanical History." Doctor Greene 
expects to complete this work in two years. Dr. Albert iM. Beese. 
of Syracuse University, received a small grant to assist him in his 
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work of collecting in Florida the materials for the stiicly of the em- 
bryologA- of the alligator, and in subsequent investigations. Mr. 
lY. A. Beiitlev. of Jericho, Vt., has from time to time made numer- 
ous t)hotogTaph> of 'iiow crystals and has recently turned over to the 
Institution .100 glass positives of his best and most interesting photo- 
graphs. together Avith a descriptive paper relating to them. 


NAPLES T.ABLE. 

The Smithsonian seat in the Naples Zoological Station has been 
continuously occiqjied for the greater part of the present year and, 
as heretofore, the reports submitted at the close of apjtointments 
mention the exceptional opj)ortunities for special research afforded 
at Naples. 

To avoid the confusif)n and inconvenience likely to result from the 
duplication of at)])ointments. Doctor Dohrn has recently made a 
request that tAvo students slmuld not be assigned to Naples at the same 
period Avithout previous consultation Avith the managemimt of the 
station. In order, therefore, to meet the AA'ishes of the alAvays 
courteous and accommodating director, it is desirable that those Avish- 
ing to occupy the Smithsonian seat shotdd enter their aitplications 
as long a time as jtossiUe in advance of the period decided on. This 
Avill permit the necessary correspondence in regard to each appoint- 
ment. Avlion. as is not infrequently the case, there are more a]tplicants 
than can be readily provided for. and Avill perhaps aFo at times 
afford the opportunity for the extra ocaaijtation of an nnass-igned seat. 

It may be added that ap[)ointmvnts covering tAvelve months of the 
year — June .lO. IDO.'), to June hO. I'.iOt; — Inu'e already been approved, 
b)it as tAvo students are to be receiA'ed during the same jieriod for one 
limited appointment, it may l)e possible to approve additional brief 
sessions during the year. As before announced, applications for the 
ensuing year may In' takiai up for consieleration at anv time AA’ithin 
six months of the i)eriod desired. 

The appointment of Frof. .1. 1>, Johnston, of the UniAersity of 
IVest Virginia, terminatefl March 1. IDO-'). AVhile at Naples Doctor 
Johnston obtained and pre])ared a large amount of material for 
future experiment and study. Being an experienced teacher, he 
hopes to embody tlie results so tar secured in a more complete and 
exact account of the brain. Avhich Avill be incorporated in a text-book 
on The Nervous System of Vertebrates. noAv in course of preparation. 

In April Doctor .Tohnston Avas succeeded at the station by Dr. 
SteAvart Baton, a former member of the teaching staff of Johns Hop- 
kins University, on Avhose behalf a second aj^pointment of six months 
from NoA’cmber 1. 190,"). has since been approved. A previous iiiA’es- 
tigation to determine the time Avheu the first spontaneous moA'enients 
and definite reactions to external stimulation occur in the embrvo 
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will be continued b}’ Doctor Paton. who will invc'^tigate also the 
correlative structural changes in the central nervous system that ac- 
company these functional developments, and will endeavor to deter- 
mine the elements which conduct the nervous impulses. 

I am glad to state that the advisory committee continues the same, 
and to record my appreciation of the htdpful action of the members 
in recommendations as to appointments to the Smithsonian seat. 

ExenouvrioNS. 

ARf IIEOI-IM.Y OF (Il'l.F STATES OF MEXICO. 

Dr. J. Walter Fewk(>s. a member of the Bureau of American Eth- 
nology, has carried on an extended archeological reconnoissance for 
the Smithsonian Institution in the Gulf States of Mexico. His trip 
was successful, adding information to what is known of the prehis- 
toric inhabitants of this rich but only itartially explored region. 
While th(' main object of this visit was the increase of our knowledge 
of Mexican archeology, attention was incidentally given to the strik- 
ing likeness of many prehistoric objects ol>s(>rved to those from the 
United States and its bearing on the ([uestion of erdture migrations. 
An area tvas shown in each of the State's of Vera (’riiz and Tamanli- 
pas, as typical of the prehistoric culture of this region, one of these 
extending from Xalajia. capital of Vera Cruz, to tlie Gulf coast, the 
other lieing near the city of Tampico, on the banks of the Pamico and 
Tamese rivers. 

The numerous ruins or mounds that occur in these areas, rarely 
visited by arclueologists, are sup[)Osed to be typical of the former 
culture of two great allied ]>eopies. the d’otonacs and Huaxtecs, who 
in prehistoric times inhabited the greater part of Vera Cruz and what 
is now southern Tamaulipas. 

On account of its historical as well as archeological imi)ortance, 
f visit was made to the little-known nun of Cempoalan. a Totonac 
metropolis visited by Cortes, the conciueror of Mexico. Archeo- 
logical literature pertaining to this city is very scanty: there is not 
a single description in English of the still well-preserved temjdes of 
this remarkable capital. On his visit to the site of Cempoalan 
Doctor E.'wkes obtained many tine photogra])hs of the four stately 
pyramids and gathered much data regarding their construction. lie 
also studied and took photograydis of the many small objects found 
in the neighborhood of the mounds that will later be published. An 
attempt to determine tlu' site or another flourishing Totonac citv 
revealed, near the ancient Villa Tliea de la Vera Cruz, an important 
cluster of earth mounds of considerable size. These were also photo- 
graphed and their relics studied. 
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Doctor Fewkes visited several large ruins in the neighborhood of 
Xalapa, one of which, near Xicochinialco, he has identitied as the 
remains of the pueblo of Soohimatl, mentioned by Bernal Diaz del 
Castillo, historian of the eomiuesr. By this identification new light 
is shed on the hitherto obscurely known route of the conquerors from 
Cempoalan over the mountains to the plateau of Mexico. 

The extensive group of large earth mounds, some of which are 
remains of pyramidal temples, situated at Texolo. near Xico, were 
also visited, and important material was gatliered from them bear- 
ing on their prehistoric inhabitant^. The numerous ruins in the 
^'icinity of Tampico were found to be e.xtensive, and objects from 
tiiem revealed evidences of a higli elevelopmcnt of culture. Of the 
large Ilua.xtec pueblo called Chila, subdued by C'ortes. nothing now 
remains but a group of mounds in an almost imptuietrable forest a 
few miles from Tamos. il any sites of ]u-ehistoric pueblos were 
found on the banks of the I’anuco; some of these were once tenqdes. 
others mortuary hillocks c(tntaining pottery otferings and bones of 
the dead. Xumerous shell heaps occur in this region, some of which 
^v’ere visited and examined. About a mile from Tampico. Doctor 
Fewkes reports, he found a cluster of large earl It mounds of con- 
siderable extent, up to within a few years concealed by a dense jungle. 
The most notable ruins in this region lie on the banks of the Charn- 
payan lagoon, at the Bancho de .'^an Frtincisco and Cebadella. In the 
K^ierra de Palma there is a pyramid liaving a cut-stone facing and 
staii’Avays similar to those in the Totonac region. 

THK SMrrn>vOMAX ATASKAN rXPF.DITIOX. 

All cxjicclitioii to Aia^kji and adjacout torriloi'y was made durino^ 
the summer of 1904 by Mr. .V. (1. Maddreu. under the direction of 
the Smithsonian Institution, for an e.xamination of the Pleistocene 
deposits of northern Alaska, in Avhich mo-Jt of the mammoth and 
other vertebrate remains occur, llis rejiort treats of these forma- 
tions and the criteria by which they are to be distinguislual from 
the more recent ice and alluvial dejiosits which haA'e been variouslv' 
noticed and discussed by travelers and writer-^. He says: 

The problems of fieosrapliic distribuTion of the animal anil vegetable life 
of North .Vmerica in Pleistoi-eiie time with the disturbance of faunas and 
floras caused l).v the widespread glai-iatioii during that period and their sub- 
sequent read.iustmeut over the .glaciated area all comliine to form a complex 
.arrangement, to solve which will laaiuire large <-ollecti(ms of specimens from 
the PleisUjceiu' doimsit-. of the uiiglacialed area of .Alaska and the adjacent 
Canadian territor.v. .At pre-eiit our kimwledge of this fauna ami flora is 
very limited. .As far as we know, only one species of clophant (Ph-p/u/s priini- 
(jniiiis). the mammoth, inhatuteil .Alaska, and Siberia during Pleistocene time. 

The longest mammoth Insk .so far reported from .Alaska is one 12 feet 10 
inches long, measured on the outside of the curve. Remains of the rhinoceros 
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have not been reported with those of the mammoth in Alaska, as in Siberia, and 
it also appears that the rejiiaius of the mammoth in Alaska are not in as fresh a 
state of preservation as those tVmml in Siberia, tvliieh points to the surmise that 
the mammoth becauii' extinct in Alaska before the last of the species snccumhed 
in Silieria, Associated with the mammoth were herds of lar^'e bison and horses. 
This species of horse mat' iuive been the last native to North America, the rear 
^uard of the last mi^r.ition of tliese animals across Tlio ro.cion of ‘Beriii'; Straits 
to Asia before the laud connection disajipeared, Tliere was a species of niiisk-ox, 
together with slieep and licar. Descendants of tliese last three forms have liy 
adaptive changes survived in those northern regions down to tlie present time. 

The relation that the fauna .and Horn north of tlie area oecnpii'd h.v glaciers 
liore to that region in the t’liited States before, during, and after separation by 
the snow and ice fields ; also the relation of forms in Ala.ska to tliose of Silioria. 
with the time and duration of the land ctinnoction across r.ering Straits and 
their subsiMiiient separation, form a complex iirohlcm, the solution of wliich will 
require the aecamuilatiou of niueh material. 

Mr. ilaildren suniinarizes his conclusions us follows: 

I. That while romuauts of the lar,ge I’leistoeeiie mauuual herds may have 
survived down to the lleceiit period and in some cases their direct descendants, 
as the musk-ox, to the present, most of them became extinct in Alaska with the 
close of I'leistoccne. 

II. The mo.st rational way of explainin.g this extinction of animal life is by a 
gradual changing of the climate trom more temperate conditions, permitting of 
a forest ve.getatiou much farther north than now. to the more severe climate of 
to-day. whicli. subduing tlie vegetation and thus reducing tlie food supply, besides 
directly discomfortin.g the animals themselves, has left only those forms capable 
of adapting themselves to thi* Uecent conditions surviving in these regions to 
the present. 

III. There are no facts to support the contention that the climate of the Arctic 
end sub-Arctic regions evei' has been colder than it is at present. There are no 
phenomena presented in tliose regions that require a more severe climate than 
that now existing to account for them. There are no Ice deposits in Alaska, 
except those of lar.go glaciers, that may he considered of 1‘leistocene age. There 
are no ice beds iiiterstratifled with the rioistocene deposits of Alaska. 

IV. That the various forms of land ice. together with the deposits of peat, 
now existing througli tiio Arctic and suh-Arctfc regions of Alaska helon.g to the 
Recent period, and these deposits may he most omveniently and logically classi- 
hed by their position with reference to the I’leistoccne and Recent formations 
and the ice deposits, can not he differentiated satisfactorily into deposits of 
snow or of water origin liy tlieir physical structure and eharacter alone. 

IHE SMITHSOXIA^i OL.VCIKR EXPEDIIIOX. 

The expedition dispatched b_v the Smithsonian Institution to the 
Canadian Eockies and Selkirks, under the immediate direction of 
Prof. IVilliam H. Sherzer. of the Michigan State Xormal School, 
had a successful season's work on the glaciers along the line of the 
Canadian Pacific Eailway. A selection tvas made of those five gla- 
ciers which are at the present time most readily accessible to the tour- 
ist or the student of glacial geology, and these were found to exhibit, 
more or less strikingly, the characteristics of glaciers thronghont 
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the world. It may be a matter of surprise to many to learn that 
four or five days of comfortable railway travel places one in the 
midst of snow fields rivaling in size and grandeur those of Switz- 
erland. that the ice bodies descending from these fields may be studied 
from modern hotels as a base, and that of those to be reported upon 
one may safely ride a horse to the very nose of each. For trips on the 
ice to the passes and neighboring peaks experienced iSwiss guides are 
available during the summer month-'. .So far as is known, there is 
here the most magnificent development of glaciers of the Alpine tj'pe 
on the American continent, and the purpose of the survey was to 
gather as much information concerning them as the time and facilities 
rendered possible. iMany photographs with which to illustrate the 
details of glacial structure nere obtained, a nund)er of which ac- 
company a preliminary report of the expedition printed in the 
Smithsonian Miscellaneous Collections. Professor Sherzer reviews 
his work as follows: 

Field work tiosan .July 1. 1904. with two assistants, .•nul continued until the 
middle of Sei)teiul)er, camiis Ix'iiig iii:ide at Lake Louise. Moraine Lake, and in 
Yoho, Asulkau, and Illeoillewaet valle.vs. in eaeli case ns close as i)ractic.at>le 
to tile Klaoiers under study, (piite in contr.-ist witli tlie two preceding sumniers, 
tliat of 1904 proved e.xceptioii.'illy la-opitious for held stuilies. Tiie unusual 
iiumijer of liriirlit da.vs and the reduced ja’ceipitatiou. however, reacted unfavoi'- 
ably in that tliey permitted forest tires to sju'ead in sever.-il of tlie valle.vs. and 
during much of tlie suminor tlie atmo.'.pliere was more or less eliarged with 
smoke, rendering distant pliotoompiiy uiis.itisfaetory or ijuite impossilile. 

Covered with a veneering of rock dchris over its lower tliird. tiie Victoria 
glacier, at Lake Louise, is not tlie most interesting of tlie series to the casual 
observer, wlio is lialile to carry lioine tlie idea tliat it is simply a stone heap, 
and a rather uninteresting pile at that, (ieolooic.-illy, liowever, tins glacier is 
the most active and varied of any of tliosc tliat can lie conveniently reached in 
the entire region, and nearly six weeks were devoted to tlie study of it and its 
tributary, the Lofroy. In spite of the niaiiy visits wliich a eauip aloiij^side the 
glacier for this length of time iieriiiitted. iis well as iinmerous visits during two 
previous seasons, not one failed to reveal some new fe.itiire or to slied important 
light on one iireviously olisi'rved Tliis longer stay at the Victoria permitted 
measurements of tlie forward liow of icc under varialile conditions of tempera- 
ture, the eoiistruetion of an aecurate cross section, tlie deterniinatiuii of the 
amount of surface melting, and tlie varying aiiioiiiits of drainage and sediment 
discharged — work which was not feasilile on the other glaciers, to each of which 
but seven or ten da.vs could lie devoted. .X detailed survey was made of each of 
the five glaciers, from tlie nose around each way to the neve field, by means 
of plane talile or compass and steel tape, and full data fur a map of tlie ice and 
moraines and for a general description were procured. Especial attention was 
given to tbe structure of the ice itself, with tlie bope of shedding more light on 
some of tbe points still under discussion. 

Only tbe most general statements eoucerning those results of the field studies 
in wbieb tbe seientifii- puldic may lie interested uill now be noted. Tbe glaciers 
generally were found to be still in retreat, tbe Waptu, at tlie bead of Yoho 
Valley, having exi eeded its average of tlie last three years liy a tew feet, while 
the lllecillewaet, at Glacier House, receded but oiie-third of tbe average which it 



EEPOKT OF THE SECRETARY. 


17 


has maintaind during the last seventeen years. The Asulkan, in an adjoining 
valley, which had ))oen advancing for ahout two years, has remained praoti- 
caliy stationary during tlje last year. The Yich'fia presents an ohliiiue front 
of nearly half a mile, amt its lower Sno feet, completely veneered with rock 
as above stated, has pushed out into the forest at a comparativeiy recent 
date. This part has remained (luiet apparently for a numlier of years, but accu- 
rate measurements to stones embedded in the fa<-e show that a very gradual 
wastage occurred during the summer, with a small stream of clear, ice-cold 
’.vater as confirmatory evidence'. 

Farther uii, for a distance of about t.doo feet, there is a steeii ice front which 
is so nearly parallel with the main axis of the glacier that there is a (piestion as 
to whether it is not its side. Here the front of the ice is receding, the amount 
for the last year being about the same as the average maintained for the last 
five or six years, and this in spite of an actual forward tlowing movement of the 
ice of 2 to inches daily in summer and perhaps half This amount in winter. 
The Wenckchemna glacier, in the Yalley of the Ten I’enks. proveii of exceptional 
interest because of its almost unique character, onl.v one other of the type — the 
JIalaspina in Alaska — having been <lesi-ribed. The \Yenckchenma consists of a 
sluggish ice mass, relativi'ly short, hut broad, formed by tlie lateral coalescence 
of about a dozen short ice streams, t'ach of which retains its identity more 
less perfectly entirely acro'-s the glacier, and maintains its own nose and 
motion independently of its neighbors. .Vccurate measurements to stones embedded 
ill the frontal slope' showed that some of the^e ice streams ai'e stationary, some 
receding, and others advancing, the most r.ipid advance being near the center, 
where freshly cut trees wer»' observed. To those who do not fully apiireciate 
all the factors of the probh'in it is freipiently a matter of suriirise that a 
glacier in one valley may be in retre.it while that in an adjaci'iit valley may he 
t.dvaucin,g. as has just been the case in the .Vsnlkan and 1 llecillewaet valleys: 
but in The case of the tYenckclu'imi.i there is .still more v.-iried behavior in 
streams that are actuaily sirle by side almost throughout their length. 

PUBLICATIONS. 

It is largely tlirough its publication^- that the Institution carries 
out that Yital principle of its fuiinclation. "the clitfusion of knowl- 
edge among men.” Each year adds '-omething of importance to the 
long series of published works <'()nij)rised in the .^niitlnunian Contri- 
butions to Knowledge, the .^mithsonian Miscellaneous Collections, 
and its Annual Keports, All tliesi* are publislu'd by the parent Insti- 
tution. but the series is augmented by the Proceedings and Bulletins 
of the Xational IMiiseum. tlie Ileiiorts and Bulletins of tlu' Bureau 
of American Ethnology, and the .Vnnals of tin' .Vstrojihysical Ob- 
servatory. Avhich bring liefore the public specialized matter no less 
important. 

The details of the work of the ]iast year are given in the Editor's 
report, the snhjc'cts treatc'd in that time including practically evert’ 
branch of human knowledge. 

To the series of Contribution' there ha' been added a third memoir 
bv Dr. Carl Barii'. entitled "A Continnons Eecord of AtmO'pheric 
Xucleation,” in which the author further discusses his researches on 



18 


EEPORT OF THE SECRETARY. 


the nucleus, as published in " Experiments with Ionized Air ” (Smith- 
sonian Contributions to Knowledge, vol. xxix. 1001) and ir "Struc- 
ture of the Kucleus," issued as part of the same volume in 1003. The 
investigation was carried on with the aitl of a grant from the Hodg- 
kins fund. Doctor Barns describes the nucleus as a dust particle 
small enough to flf)at in the air but larger than the order of molec- 
ular size, and shows that such a particle precipitates condensation in 
an atmosphere saturated Avith water in its immediate vicinitA'. He 
uses the term " nucleation " to denote the niiml_)er of nuclei per cubic 
centimeter regardless of their source — Avhich may be from mechan- 
ical. thermal, chemical, high potential, or radio-active jAi’ocesses — or 
their special properties. By far the greater nundter are initially 
ionized, or at least carry an electric cliarge. and Avhere they occur in 
thousands and millions of approximatdy uniform size they git'c 
rise to condensational jdienomena of transcendent beauty and im- 
portance. 

The articles jArinted in the ^liscellaneous Collections are. as the 
name of the series AAould indicate, miscellaneous in character. The 
past year has added 38 numbers to this series of papers, including 
several relating to the bibliography of chemistry: an exhaustive 
catalogue of Diptera. or tAvo-Avinged Hies. shoAving the geographical 
distribution of several species known to sjtread disease: accounts of 
explorations in Alaska and among the Canadian glaciers: some in- 
teresting popular papers by Doctor Hill on the sculpin. the tarpon, 
the ladyfish. and the carp, and a lecture by Dr. Andrew D. iniite on 
the diplomatic service of the United States, the first of the series of 
lectures under the Hamilton bequest. 

The Contributions and iliscellaneoii" Collections just spoken of are 
published at the expense of the Institution fund in editions of l.-lOO 
copies, and are intended solely for diAribution to the large libraries 
and institutions of learning throughout the Avorld. 

The Annual Report, on the other hand, is jmblished by a GoA’ern- 
ment appropriation in an edition of some Id.OOO. and is intended 
for a more general distribution. Primarily, this A’olume is a report 
to Congress on the operations of the Institution during the year, but 
its popular interest lie^ largely in its General Appendix, contain- 
ing a number of pajAcrs dioAvuig the recent progress of the Avorld’s 
scientific Avork. To the selection of appropriate papers for this Ap- 
pendix I IniAe giAen much personal attention for .several vears past. 

The manuscript of the Avork of the late Dr. G. Brown Goode, on 
some contributions of America to the progress of science. Avhich dur- 
ing the jmst year has been Avorked OAor by Mr. Kenneth M. Goode, 
editorial a-^si-tant. i^ iioaa- almost in its final shape, and Avill. I hope, 
app(‘ar as a Smithsonian lAublication during the coming year. 
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The Institution proper distributed during the year a total ot 
(')0.0()3 volumes or j^arts of volumes of the series of Smithsonian 
Contributions, iliscellaneous Colleetioiir', Reports, and publications 
not included in the regular serie-.'' making an increase of 13.455 
over the number sent out during the prevuons year. 

THE I.imSAKY. 

The library of the Smithsonian Institution is. first of all. a library 
of science, and. secondly, a collection of catalogues and bibliographical 
ajtparatus. The general aim. as stated in the original plan, has been 
“ to procure a complete collection of the memoirs and transactions 
of learned societies throughout the world, and an entire set of the 
most important scientific and literary periodicals." In ISfiti the main 
portion of the Smithsonian library was for administrative j^urposes 
transferred to the custody of the Library of Congress, and became one 
of the important elements of that great National Library. This 
collection continues as the Smithsonian Deposit. It has annually • 
increased in size and importance, and at present aggregates nearly 
half a million entries. 

There is retained at the Institution such books as are of immediate 
importance to investigators carrying on their researches in the 
Smithsonian building. This reference collection, together with the 
special libraries of the National Museum, the Astrophysical Observa- 
tory. the National Zoological Park, and the Bureau of American 
Ethnology, numlx'rs about 55.000 volumes. 

Besides the accessions of l)ooks from customary sources, during 
the past year there has l)ecn received a valuable library relating to 
civil engineering bequeathed to the Institution by the late Dr. J. 
Elfreth Watkins; also a collection of about 1.000 books on the flora 
of tropical America, presented by Capt. John Donnell Smith, and a 
large number of additions to the IVatts t^le Feyster Collection Najto- 
leon Bounaparte. 

The International Catalogue of .Scientific T.iterature established 
three years ago. with administrative headquarters in London, now 
contains oter half a million reference cards, 50.000 of which are 
references made for the Lnited .States by the Smithsonian Institu- 
tion. The entire work of i)reparing cards for this country is done 
in connection with the library of the Instittition. the cost of the 
work thus far having been borne out of an allotment made by the 
Institution. 

« Coutributidiis to KiiowloUee. T.-tlo; Miscellaneous Collections. •2~~C>S: Re- 
ports, 2.1,-I2.'r> ; imblicatioiis not in re.enl.ar series. l.UO.j; iiublications not Smith- 
sonian yet distriliutect by the Institution. <k!5. 
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CORRESroXDEXCE. 

From its correspondence it appears that the Institution is generally 
considered lyv the public as an establishment tt) Avhich requests may 
be addressed for information on all liranches of knowledg'c, for the 
solution of various scientilic jn-oblenis, for the ('xamination and 
indorsement both of scientihe investigations and crude, unscientific 
speculations, for supplying answers to questions in prize contests, and 
the like. It seems well, tlierefore. to state that while responses are 
cheerfully given, as far as practicable, to all legitimate requests for 
scientific information, the Institution d<ies not undertake to maintain 
a general question bureau. The communication^ received cover every 
conceivable sidiject, from new tlu'orie-- of the physical phenomena of 
the universe to a ropiest for information a-' to the value of some sup- 
posedly rare Ijook. and the preparation of the data desired entails 
the (‘xpenditure of a considerable amount of time and labor by the 
members of the Institution's stall. Many of these corresiiondents 
are men of considerable culture and of much general reading, but are 
wanting in that special training which is n<a-essary for successful 
scientific investigation, and I’orre'pondence v ith this class especially 
difficult to manag(‘. since the rej<>ction (>f the propositions made is 
generally attributed to prejinlice and is resented by the writt'rs. who 
array themselves as martyrs to science. 

During the year maiyv lettm's have biam received from inventors 
who desire either grants of money with wliich to develop their various 
devices or an expri''sion of the Institution's opinion as to the merits 
of their inventions. .-Vs the Institution has no funds from which such 
aid can be given, and as the Secretary is jmohiliited by a decision of 
the Board of hegents from exjin'.—ing an ojnnion of this character, 
he IS obliged to ref me all such iv<pi<'sts. It would s(»pin proper to 
state also that the Imtitution does not snjjply information of a com- 
mercial nature, such as i-, (aistomarily furnished for a fee bv engineers 
or other professional advisers, or which is designed to benefit some 
individual rather than the jmhlic. 

In spite of these restrictions, however, the conduct of this corr('- 
spondence is an imi)ortant agency for tlue difiiision of knowledge 
among men. 

AATIOXAF. tCtl.t.I RV OF ART. 

In the message of Fresident Itoosevelt communicated to the two 
Homes of Congress at the beginning of the third session of the 
Fifty-eighth Conirress (dated I>ecember l>. 1001) he savs: 

The (•ollo< ti()n <U' art i onteniiilated in section .ViSU of the Itevised Statutes 
shonlil bo desicuiatod and estal)lislied as a iiational "allery of art, and the 
Sinitlisoniau Institution sliould be authorized to accent any additions to said 
collection that may be received Iw gift, bequest, or devise. 
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The section of the Revised Statutes i-ited by the President is the 
act of foundation of the Smithsonian Institution, which declares 
that “ whenever suitalde arrangements can l)e made from time to 
time for their reception, all olyjccts of art and of foreign and curious 
research, all objects of natural history, plants, and geological and 
mineralogical specimens belonging to the United States * * 

shall be delivered to such person,-, as may be authorized by the Board 
of Regents to receive them, and shall be so arranged and classified 
in the building erected for the Institidiou as best to facilitate the 
examination and study of them:"’ so that the fir-t object of the 
Institution, in the eyes of its founders, aj^pears to have been to give 
it the curatorship of the Art collections of the nation. 

During its early years this object was promoted in various ways: 
among others. by the ac(|uisition of a Aery valuable collection of j)rints 
and engravings belonging to the lion, (leorge P. Marsh. After the 
fire in the Institution in 1S<C> these prints were <le))osited for tempo- 
rary safe-keeping in the Lilirary <d' Congre-s and (with other works 
of art) in the Corcoran Gallery. 

Subse([uently an appropriation was granted by Congress for mak- 
ing a fireproof room in which thc'c could be kept, but it was not until 
1S9() that the Regents pro\ iiled for thc'ir recall to the Institution. In 
the journal of the proceedings of the Boaril for ISlMi ( fstnithsonian 
Report. ISPfi. pp. xiii and xiv) will be found the action taken by the 
Board ])roviding for their restoration to their own immediate control. 
The following resolution offered then by .Senator Gray tvas adoitted; 

Nefifilvcil. That the (luestien of the iiropriet.v of hrinsins tlie works of ;irt 
helonging to tlie lustittition iimter the more imimMli.ate control of the Board of 
Itesteiits lie referred to the e.xecutive committee ami the Secretary, with iiower 
to act. 

In itursuance of this the Institution brought back to its own keep- 
ing a number of prints of vtilue. both from the Idbrarv tif Congress 
and the Corcoran Galh'rv. leaving, by an amicidtle understanding with 
the latter establishment, as a loan, a few of the works of art. notably 
a large picture by Tlealy. 

The old name of the collections was the " Gallery of Art." a title 
which seems almost too ambitious for the ijresent collections of the 
Institution, though it is to be hoped that this designation will be 
justified by tht'ir futun* inciaaisc*. 'I'hese have been ]ilaced by me in a 
room specially fitted u]> for that purpose (the Art Room), under the 
temporary charge of the librarian. 

There is now in the courts awaiting legal interpretation a will con- 
taining a bequest of a valualih' collection of art objects. 

On January ?>. I!i0."i. Mr. Charles R. Freer, of Detroit, offered under 
certain contingencies to bequeath to the Smithsonian Institution his 
valuable art collection, projiosing at the same time to provide after 
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his death for a building of appropriate design and proportion, pro- 
vided the Institution would undertake its maintenance. The objects 
include a remarkable collection of the works of the late J. A. McNeil 
IVhistler and a number of oriental art objects. The proposal of 
Mr. Freer is still under consideration by the Board of Regents. 

HAMILTOX LECTCKE. 

A number of years ago iSIr. James Hamilton left a small bequest to 
the Smithsonian InAitution, the income of which was to bi' aj^pro- 
priated biennially by the Secretary, either in money or a medal, for 
such contribution, paper, or lecture on any scientific or useful sub- 
ject as the Secretary might approve. 

The Regents of the Institution decided to let this small sum accu- 
mulate. and it is only recently that the Secretary has found himself 
able to commence to employ the income as a led lire fund. The first 
address under the auspices of this fund was delivered by Dr. Andrew 
D. White. LL. D.. I). C. L.. in the lecture hall of the National 
Museum on March 0. 1005. and was entitled The Diplomatic Serv- 
ice of the United States with some Hints toward its Reform." 

This lecture was printed by the Smithsonian In>titution as a pam- 
phlet of some twenty pages and was distributed to members of Con- 
gress. officers of the Department of State, various members of the 
diplomatic corps, the libraries of the larger universities, presidents of 
colleges, and others likely to be interested in the important question 
discussed. 

SAriTIISOXIAX DF.r.EUATES .VT INTERNATIOXAI. ('OXURE.SSES. 

CoiKjreva on Zoolo(j>j. — ilessrs. Leonhard Stejneger and Gerrit S. 
Miller, jr.. of the United States National iMuseum. represented the 
Institution and Mu.seum at the Sixth International Congress on 
Zoology held at Berne. Switzerland. AuguA 11-10. 1004. 

Co)ifif('ss of Aine)'knni><f-s. —Mr. IVill iam H. Holmes. Chief of the 
Bureau of American Ethnology, represented the Institution at the 
Fourteenth International Congress of Americanists held at Stutt- 
gart. August 18-23. 1004. He delivered an address on the " Contri- 
butions of .Vmerican Archeology’ to Human History " and pre- 
sented to the congress a set of 75 bound volumes relating mainlv to 
American archeology and ethnology. |)ubli-hed by the .Smithsonian 
Institution and its two Bureaus — the National Museum and the 
Bureau of American Ethnology. 

of O nk- rdiiVi>^U. — Prof. Paul Ilaupt. honorary curator of 
the Division of Historical .Archeology. United .States National 
Museum, represented the .Smithsonian Institution and the iliiseum 
at the Foiirteimth International Congress of Orientalists held at 
Algiers in April. 1905. 
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Congress of Psychology. — Dr. William James, professor of philos- 
ophy" at Harvard Hnivorsity, was designated to represent the Smith- 
sonian Institution at the Fifth International Congress of Psychology 
at Eome. April 2fi-30, 1005. 

Botanical Congress. — Mr. F. V. Coville, curator of the Division of 
Plants in the Xational ilusenm. represented the Smithsonian Insti- 
tution and the iMuseum at the Second International Botanical Con- 
gress at Vienna. June 11-18. 1905. 

Ornithological Congress. — Dr. Leonhard Stejneger, curator of the 
Division of Peptiles and Batrachians in the Xational Museum, rep- 
resented the Smithsonian Institution and the Museum at the Fourth 
International Ornithological Coiigress at London, June 12-17. 1905. 

International Concent ion of the Interntdional ('atalogae of Scien- 
tific Literature. — Dr. Leonhard Stejneger represented the Institution 
at the meeting of this body held in London. July 25-30. 1905. 

XATIOXAL MUSEUM. 

A great museum, hi the modern usage of the word, has been defined 
as “ an institution for the preservation of those objects which best 
illustrate the phenomena of nature and the works of man. and the 
utilization of these for the increase of knowledge and for the culture 
and enlightenment of the people." This thought is that of one very 
especially conversant with the subject, and implies both a collection 
for the student and an exhibition for the visitor. It is this second 
part of the museum's work, the e.xhibition collection, Avhich was 
probably in the minds of those who originally described the future 
Smithsonian museum as containing " objects of art and of foreign 
and curious research." although even at that early date they added 

and all objects of natural history, plants, and zoological and min- 
eralogical specimens belonging to the United States.” Under the 
impulse of Congressional legislation the Museum has obtained a 
signal adA'antagc over the national museums of other countries, since 
by hiAV all collections made by the surveys of the Coveriiment of the 
United States must be deposited here, thus providing for the sys- 
tematic preservation of collections of great extent and vast im- 
Itortance. 

From the foundation of the Institution to about 1857 its specimens 
Avere collected "-olely to seme as materials for research, and the exhi- 
bition collections belonging to the United States Avere maintained 
at the Patent ( iffiee. .Vt the date mentioned Congress marie an 
appropriation to the .Smithsonian Institution for the building of 
cases to roceiAc these collections, Avhich Avore kuoAvn as the “ Xational 
Cabinet of Curiosities." and from that time on the Institution's 
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niiiseum l^e^ides aiding stiidents horved to instruct and entertain the 
public, ddie great growth of the ilnseum dates from the close of 
the Centennial Exhibition in ISTC). since which time collections have 
been actively gathered and exhibited becans(' of their educational 
value. Meither jnii'pose lia^ been lost sight of because of the other, 
and the instruction of the pu))lic has been secured not only by digni- 
fied exhibition of interesting objects, but by adding to them series of 
instructive labels based upon the maxim tluit a good educational 
mtiseum consists in a series of carefully ])r(‘]iared labels with well 
selected specimens attached. A\'ith these two gi’eat jturposes in mind 
the IMuseiim has notv succeeded in bringing together catalogued 
objects amminting to over E.OOO.OOO in number, the exhibition series 
being so installed that the individual objects or groiijts would not 
.stand as inert curiosities l)y themselves, but ai-e arranged in such 
manner as to show their i-elation either to the orderly development 
of natur(‘ or to the varied manifestations of human thought and 
activity. 

It can not but be realized that the Museum's main attainment from 
this point of view consists not only of the collections or of the build- 
ing which houses them, but to an ever increasing (h'gree in the posses- 
sion of the experts who have the custody of these collections and the 
knowledge to clas-ify them atid to make them available for jtnblic 
instruction. T regret to say that the enormou.-. growth of the col- 
lections in the iMuseum has not Ikmmi a<-eompanied by ant' jtroportion- 
ate increase in its aduiini'trative and sci(mtifie staff. I'he greatest 
efficiency can hardlv make up for th(> nunieric:d inability to cope with 
the increasing work, and it liecomcs (>ach ye.ir more painfully appar- 
ent that the per-oiinel of the establidmient mu-t be materially aug- 
mented if the present standards are to be maintained. 

Despite this jiaueity of workers and the congested halls, the past year 
has been as successful as any in the history of the Xational Museum. 
During this time mor(> additions to its colleetioiis ha\'e iK'en recorded 
than in any previous year -'uve the period immediately following 
the Centennial Exhibition of ls7<'>. From tin? Louisiana Purchase 
Exposition alone over thirty carloads were ri'ceived. imduding many 
valuabh' ethnological and technological e.xhibits. Decides this there 
were the usual aeces'-ion~ from the (lovernment surveys and from do- 
nations and exchange-'. Altogether, nearly g.tO.OOO specimens have 
been entered during the year, while a mass of material is vet to he 
sorted out. these recent addition^ bringing the total number of sjteci- 
mens now preserved in the Mii'-eum collection- well over ti.oOO.OOO. 

That only a very small fraction of these specimens can ever be on 
public exhibition is evident, yet tliosi- stored away are bv no means 
the least important. The scientific staff is con-tantly engaged in re- 
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search in connection with the work of classitication. and students 
from kindred institutions frequently visit 'Washington or have col- 
lections sent to them for investigation. 

Duplicate material is used, when not actually needed for study, 
for the purpose of exchange Avitli other mu.-eums. and to a limited 
extent, by authority given by Congress to the Tvegents of the Institu- 
tion. for distribution among American school-. Fourteen thousand 
specimens were distributed during the pa-t year to schools. and 
colleges throughout the land for the general jnirpose of promoting 
education. 

The i)resent crowded condition of the building has rendered it 
difficult to place, any more collections there, aiul such as come in from 
one source or another are in th<“ main temporarily stored in rented 
buildings. 'While it has been found impo-sible to increase the 
amount of material on exhibition, the standard of the objects ex- 
hibited is being constantly improved, and the methods of installation 
lepresent the most modern practice in this regard. 

In the division of ethnology a place has been made for a iMalaysian 
collection contributed by Dr. W. L. .Vbbott and an interesting Philip- 
pine exhibit gathered by Dr. E. A. Meanis. Over the hall of 
ujammals has Iteen hung the cast, of a great sulphur-ltottom whale, 
about SO feet in length. Another iioteworthy addition during the 
past year is the reconstructed skeletoti of a gigantii’ Triceratops. meas- 
uring almost 20 feet. 

Dtiring the course of the year seme 23r>.000 persons, an average of 
753 visitors a day. have viewed tlK -e collections. This number would 
unquestionably be greatly increased shotihl it become feasible to open 
the building at night or on Sund.iys. 

Work on the new building, for the continuation of which Congress 
iit its last session appropriated sl.500.000. is progre.ssing satisfac- 
torily. The excavation was completed and the hearw concrete founda- 
tion laid last autumn. The erection of the outer wall- of granite is 
now well under way. 

The completion of this structure will, it is hoped, mark the begin- 
ning of a new era in the activities of the Xational Museum. No 
longer cramped for -pace, it can -iiitably care for the splendid col- 
lections intrusted to its care: by <‘xhibiting the-e. and by labels, pub- 
lications. and lectures, it will still further endeavor to impart definite 
instruction along definite lines to all who care to learn. Then, as 
now. the first great les-on it will try to enforce is that a museum is 
in nowise a cabinet of curios to while away an idle moment, but an 
active instrument for the ditl'usion of knowledge among men. 

SM 1905 b 
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THE BUREAU OF AMERICAX ETIIXOLOGY. 

The energies of the Bureau during the past year have been devoted 
chiefly to preparing for publication the jtrojtO'cd Handbook of 
Indians, which tvill include not only description^ of the tribes and 
their settlements, but aUo popular articles covering the Avhole range 
of ethnological and arclucological research relating to them. Xo 
work of its kind sc) comprehensive in scope has ever been attemj^ted, 
and the efl'ort to combine popular treatment with scientifle accuracy 
has involved an extra amount of tinu' and labor. Almost all the 
prominent ethnologists of the country have written sjjecial articles 
for the Handbook, and all the start' of the Bureau and ethnologists 
resident in the city ha\ e aided in criticism and revision. 

Though somewhat curtailed tltrongli the necessitv of retaining 
several ethnologists for work on the Handbook, the held work of the 
Bureau has been continued, in Maryland. Mrginia. Dklahoraa. Indian 
Territory. Ariiona. New iMexico. Oregon, and Mexico. Dr. J. Walter 
Fewkes. under a grant from the .'Smithsonian Institution, made an 
extended arclueological trip through Mexico: Dr. Ah's Hrdlicka. of 
the Xational Museum, made a visit to Arizona in Ijehalf of the 
Bureau; and iMr. E. L. Hewett was commissioned to visit Xetv Mex- 
ico for the purpose of making researches among the ancient ruins of 
the so-called Pajarito Park district. 

The systematic study (.if \isiting Indian delegations has been con- 
tinued with success. During tile year 22 delegations consented to 
be photograirtied. and in some cases allowed themselves to be meas- 
ured and (‘ven to have plaster casts of their faces taken. 

The work of compiling an arclueological ma2a of the United 
.States, which had received some attention in previous years, was 
carried forward with all jjossible dispatch during the ^tast vear. 

IXTERXATIOXAL EXCHAXGE.S. 

The International Exchange .Service of the Smithsonian Institu- 
tion has for more than fifty years been the medium of exchange of 
documents and scientific publications betweam the Government and 
learned institutions of the United .States and those of foreign coun- 
tries. Through its operations tlu' Library of Congress has secured 
a large collection of public documents, and an unecpuiled collection of 
scientific serials has been acquired by the Institution for its deposit 
in the Library of Congress. Each yi'ar the service grows in size 
and imjiortance. The iveight of jaackages handled bv it in 1899 
was cii.S'S.) pound-: in li^05 it Avas Id, Sil jiounds, an increase of 
40 per cent in six years. 
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The number of exchange correspondents now ii^gregates 51,880, 
or nearly d.OOO more than the number ten years ago. These are scat- 
tered throughout every corner of the civilized world, and new centers 
of scientibc activity are opening up every year. It is largely through 
the system of International Exchanges that the Institution i-ealizes 
the catholicity of its founder's bequest, which contemplated the 
ilitl’usion of knowledge ajiioug all men. ^loreover. this constant 
exchange of courtesies among the learned institutions of the world 
has not only served to enrich the universities, libraries, museums, and 
learned societies of our country ami thoM> with whom we exchange, 
but has at the same time done much to [)romote friendly relations 
among the nations themselx es. 


NATIONAL ZOOLOGICAL PAEK. 

The annual appropriation made for the service of the Xational 
Zoological Park was in the following ti'rms: 

For centimiins the construction of roads, walks, bridges, water supply, sewer- 
age, .and drainage; and for grading. i>lanting. and otherwise improving the 
grounds; erecting and rep.-iiring Iniildings and inclosnres and providing seats 
in the park ; care. sul)sistenre. purchase, and transportation of aiiiiuals. including 
salaries or cfimiicu>atioii of all necessary omiiloyces ; tlie i)nrch:ise of necessary 
hooks and periodicals; the printing and pnidishing of oiierations. not exceeding 
one thousand five liundred coi>ies. and general incidental expenses nut otherwise 
provided for. ninety-five thousand dollars. 

The collection of auiiiials exhibited has increased, and comprised at 
the end of the year o\'er 1.500 individuals of all species. A consid- 
erable number of these were born at the park, and 128 birds were 
received from the exhibit made at the Louisitiiia Purchase Exposition. 

The new house for mammals, mentioned in last year's report, is 
now approaching completion and Avill constitute one of the most 
attractive features of the park. As this structure is necessarily built 
from the general appropriation for the park, its progress is limited 
by the amount of funds avaibdtle for use. As the care of the animals, 
the maintenance of the collection, the improyemeut and care of the 
groimd-. including the roads and walks, the repair of all structures, 
fences, and iiiclosun's must also be defrayed from this appropriation, 
it is obvious that considerable economy must be exercised in order to 
have any funds fop the erection <if buildings. 

The park exists, in the words of the act of Congress, •• for the 
advaiiceiiient of science and the instruction and recreation of the 
people." The first and primary object is nev('r to be lost sight of, but 
in pur.suaiict' of the second mncli is done to facilitate tlu' visits of those 
who seek tb(‘ pleasant inflnema's of rural scenery and o|)i‘ii air. Fur 
this reason it is thought that attempts should be made to enhance the 
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pai’k features by greater care of the indigenous trees and the planting 
of copses Avliere such are re(iuired. by the establishment' of seats, and 
by perfecting the roads and tvalks a^ far as ])racticable. The jjark is 
now the nearest to the city of any large .-stretch of open, picturesque 
country, and this would seem to be almost a duty owed to the public. 

This again brings to mind a project often urged ui3(m Congress, but 
never realized by an actual appropriation for the work, f refer to 
the plan for extending the park to the nearc't boundary road on the 
southeast and the west. This has often l)een referred to in previous 
annual reports, and it would seem that the present time is jiarticidarly 
favorable for the acconqdishment of this oliject. since roads have 
recently been established by act of Congress (juite near to the present 
boundaries. 

Among the more pressing needs of the ])ark is a small building 
with outlying yards, which can be used as a hospital and quarantine 
for sick animals and, incidentally, as a pathological and anatomical 
laboratory. In this connection, in view of the fact that the in'imary 
object of the park is for " the advancement of science." it must be 
considered how much our knowledge has been increased by such es- 
tabli.shments as the Jardin des Plantes, of Paris, under BulTon. Cuvier, 
or Milne-Edwards : the gardens of the Zoological .Society in London, 
by Pluxley and others, aitd those at Berlin and elsewhere. I approve 
the reconiiuendation of the siiperintendetit that a modest laboratory 
for jtathological research he added to the park equipment. 

During the last year the number of visitors to the park has further 
increased, and it is not too much to say that no e(iual expenditure by 
Congress has brought so intich of instruction and rational enjoyment 
to the people. 

A.STEOPH Y.'<IC.\L ( )P>.^ER V ATOP Y. 

As for several years past, the operations of the Astrophysical 
Observatory have been almo~t wholly directed toward measuring the 
amount of the solar radiation, ami its hiss in transmission through 
the sun's envelo]}e and through our own atmosphere. 

I do not yet regard the evidence of solar variability as conchisive. 
but still as rendering this conclusion more probable, and I am glad 
to state that two 1 iiics of investigation have this year become very 
prominent in the work of the ( )l)servatory. which will almost cer- 
tainly lead to a conclusion regarding this important qiiostion. 

The first of these is the almost daily bolometric examination of the 
large solar image formed by the great horizontal telescojie. for the 
purjiose of delecting changes in the transparency of the sohir absorb- 
ing enyelope. This work depends so little on the transparency of our 
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own atmosphere that it can be>done almost as well in Washington as at 
a station more favored as regards atmospheric <^ransparency and free- 
dom from (doiids. Tlie i^ast year has not given ev'idenee of very 
marked variations either in the transparency of the sun’s envelope 
or in the supposedlv dependent mean tenq^orature of the earth, but 
on the coiitrarv the ol)servations have continued most of the time near 
the mean in both res 2 )ects. Such change-’ as have l^een noted are not, 
however, contradictory to the view that alterations of the transpar- 
ency of the sun's envelojje do occur, and came changes in the amount 
of solar radiation received by the earth, which in turn cause depar- 
tures of the earth's temperature from its mean. 

The second line of investigation to wliich I have referred above is 
the determination of tlio total solar radiation outside our atmosphere, 
by observations with the bolometer and pyrlieliometer at a station 
located in a relatively clear and cloudless region and at a considerable 
altitude above sea level. As long ago as Feliruary, 1002. at the re- 
quest of the lion. C. D. Walcott, and for the consideration of the 
Carnegie Institution, I urged in a letter to him the great utility of an 
observatory for solar research to be located at a high altitude and 
charged with the determination of the question of the amount of solar 
radiation and the limits of its variability. An observatory for solar 
research has now. in fact, been established by tlie Carnegie Institution 
on Mount Wilson, in southern California, after extensive tests of 
different proposed sites. By invitation of the director. Prof. George 
E. Hale, and in accord with the authorization of Congress for the 
undertaking of observations at high altitudes by the Astrophysical 
Observatory, I have sent to Mount Wilson an expedition in charge of 
Mr. C. G. Abbot, for the purpose of determining the conditions for 
studying the variability of the sun. 

The expedition is equipped with spectro-bolometric and pyrhelio- 
metric apparatus of the highest quality, and wholly adequate to 
making the most accurate possible determinations of solar radiation 
and its transmission through our atmosphere. As I have elsewhere 
remarked, I am not convinced that it is possible to estimate exactly 
the loss of radiation in our atmosphere by any observations whatever, 
but it does seem that the estimates which can be made from the 
observations of the Mount Wilson expedition will be so close an 
approximation to the truth that if a notable variation of solar 
radiation outside our atmosphere occurs the results will show it. 
Furthermore, similar observations are being continued as usual in 
Washington. l\Ir. Abbot reports that the sky above Alount IVilson 
is of great clearness and uniformity, and that weeks and even months 
pass there without a cloud appearing above the horizon, so that 
observations may be made almost every day with good prospects 
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of success. It is exjiected that the exjieditioii will remain on IMonnt 
'Wilson until late in the autumn. 

I take this opportunity to expres;^ iny obligation to the Carnegie 
Institution and to Professor Hale and his coworkers for the aid 
and counsel they have so generously extended in furthering the 
objects of the ex 2 iedition. 

Additional details of the work of the Astrojiliysical Observatory 
will be found in the rejiort of the aid acting in charge. 

NECEOLOGY. 

OEVII.I.E HITCHCOCK 1T..VTT. 

It is with a keen personal regret that I have to record the death 
on April 22. lOO.j. of Senator Orville H. Platt, of Connecticut, who 
for si.x years had served on the Board of Eegents. and who at all 
time.s took much jiersomil inten'st in the welfare of the Institution. 

Senator Platt was born in Y'ashington. Conn.. July Ih, 182”. 
After an academic education he undertook the study of laAv at Litcb- 
lield. He was admitted to the bar in 1811). and jiracticed at ^leriden. 
He became secretary of state of Connecticut in 1857. In 18G1-C2 
he was a State senator; later he served as a member of the State 
house of representatives and as siieaker of that body. From 1871' 
until the time of his death he was United States Senator from his 
native State, and his public life belongs to his country. I shall not 
add here my poor testimony to that of the history which will record 
his contribution to the national good. He rvas a man honored by 
all and best loved by those who best knew' him. 

Eespectfully submitted. 

S. P. Lakgley, 

Secretary of the Smithsonian Institution. 
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Appendix I. 

REPORT ON THE UNITED STATES NATIONAL MUSEUM. 

Sir: I have the honor to submit the following report upon .the coudition and 
operations of the National Museum during the year ending .Tune 30. 1905. 

At the beginning of the year the e.vcavation for the new building on the north- 
ern side of tile Mall was actively under way and in the autumn the heavy 
concrete foundations were completed. In October, 1901. the contracts were 
e.xecnted for the granite re(iuirod for the outer walhs and for the trimmings of 
the two courts. Uoutracts for other materials were also entered into at intervals 
during the remainder of the year, all at prices which insure the putting up of 
the structure within the limit <.'f -SS.oOO.OOO fixed by Congress. It was hoped 
that work uiion the basement might begin by February or .March, but unfortu- 
nately the winter was severe, with much snow, which interfered with quarrying, 
and up to the close of the fiscal year not enough stone had been received to 
warrant the commencement of building operations. The date at which this 
report is written, however, permits it to be said that the first basement stone 
was laid on August 21, 19ir>, and no further delays are anticipated. 

In respect to the increase of collections, the year's record has never been 
exceeded, except during the period immediately following the Centennial Exhi- 
bition of iSTti. There were the usual accessions from the Government surveys 
and through donation and exchange, but the Louisiana Purch.ise Exposition, 
held at St. Louis, furnished an opportunity probably not soon again to be 
presented for securing a very large amount of valuable material, especially in 
ethuologj-, mineral technology, and other branches of the useful arts, which was 
accepted to the extent of over thirty carloads. Only a small proportion of these 
objects could, however, be directly added to the classified and exhibition collec- 
tigns, owing to lack of space, and the greater part have been placed in storage 
to await the completion of the new building. 

Among the additions from other sources was one of special moment consisting 
of the large and important private herbarium and botanical library of Capt. 
.John Donnell S^iuith, of R.altiinore. which the owner has most generously pre- 
sented. The former comprises over KXi.OOO mounted plants, and the latter 
above 1,.500 volumes. 

The number of accessions, including only that small part of the material 
from the exposition which it w.-is possible to place on record, was 1,092, and of 
specimens •245.:-!84. 

Except for the crowded state of the buildings, the Museum is now in as 
good condition as at any time in its history. The standard of the exhibition 
collections was materially improved, though their expansion practically ceased 
some years ago. The reserve, or study, collections were extensively utilized 
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in the promotion of knowledge, and duplicate specimens to the number of over 
14,000 were distributed to educational estal)lishments throughout the country. 

BitiUIiiif/s and crpiipinrnl . — The roofs of tiie Jlusouin laiilding have, as usual, 
demanded most attention in the matter of rci)air.s. The temporary strengthen- 
ing a few years ago of the supporting iron framework over the main halls 
has continued to be effective, but most of the slate covering had so far deterio- 
rated that in lOnf the roof above the e.-ist hall was coated experimentally with 
asphalt, burial), and slag. Having answered its purpo.se through one season, 
the roofs of the other halls and of the rotunda and one pavilion were similarly 
treated during last year. The met.al work upon the roofs also roiuired e.xtensive 
overhauling, anil sever.al skylights were added. The 20 large windows in 
archeological ball, which have been approaching a condition bordering upon 
collapse, were i-ompletely rei.aired and made practically as strong as ever. 

In view of Ihe crowded condition of all the public halls, the building of only 
a few exhiiiitiou cases \\'as called for. To provide. However, for the care and 
arniiigenient of the A'cry extensive ;n-ccssions received during the ,vear. mainly 
from the Toid.siaua Purchase Exposition, the Oi.verimient surveys, and a few- 
large privato donations, a eonsider.ihle amount of storage furniture was de- 
manded. Tile nmuher of permanent eases of this eiiaracter constructed w-as 
213, and of drawers l.o,-;2, in addition to which much shelving was put up and 
inan.v Iio.xes made for the storage of material in hulk and the distrihutiou of 
duidicatos. 

The heating plant, with the addition of a few radiators, has given good 
service. Steam was maintained from Oetoher .S. lObl. to May 2, lOfto, on an 
average of sixteen hours a d.iy. the e.xpenditiire of eoal amounting to 8.30 tons. 
A new arrangemetit of teleiihones was effected at the beginning of the year 
whereby the cost was materially reduced, and as a special tire precaution six 
standard alarm boxes of tlie pattern used by the district of Columbia have 
been inst.dled in different parts of the Mu.seuiii building, 

OnninUatUjH timl — The organization of the .Museum remains the same 

as heretofore, except that a Department of Miner.al Technology, with Dr. 
t'harles D. tValcott, Director of the Uidted States Geological Survey, as cu- 
rator. w.is established in the autumn of to permit of proper direction in 

the selection of objects rel.-iting to this siiliject at the Eoiiisiana Purchase 
Exposition. 

Dr. Cyrus Adler was made curator, and Dr. I. JI. Casanowicz assistant cu- 
rator of the Division of Historic Archeology. In the Division of Plants Dr. 
J. X. Rose was advanced to associate curator and Mr. W. R. Maxon to assistant 
curator, the position of aid being tilled by the appointment of Mr. .1. H. Painter. 
Dr. .lames E. Benedict, assistant curator of the Division of Marine Inverte- 
brates, has snjiervised the exhibits in biology and had charge of the collections 
of comparative anatomy. IMr, Ilorhert 8. Barber was appointed aid In the 
Division of In-ccts, and Mr. B. II, Ransom, of the Bureau of Animal Industry, 
assistant custodian of tiie Helminthological collections. 

Mr. Charles Schnclicrt, for some years assistant curator of Stratigraphic 
Paleontology, who resigned to accept the professorship of jialeontologj’ in Yale 
University, has been succeeded by Dr. Ra.v S. Bassler. Vacancies in the Sec- 
tion of Vertebrate I’nleontolngy were filled by the selection of Mr. .James W. 
Gidlcy and Mr. Charles W. Gilmore as preparators. and of Mr. Xorman H. 
Boss as assist, nit jiroparator. 

The following gentlemen, to whom the Museum has become indebted for dis- 
tinguishril services or noteworthy contributions, were designated as honorary 
associates : In historic areheolo,gy. Dr. Paul Haupt. of Johns Hopkins University : 
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in zoology, Dr. W. L. Abbott, of Pbiladepliia ; in botany. Capt. John Doimeil 
Smith, of Baitiinore : in mineralogy. Rev. L. T. Chamberlain, of New York City; 
in paleobotany. Prof. Lester F. Ward, of Washington. 

A0ditio)is to the coticctioii'i -. — The pi’iueipal source of accessions during the 
past year was the Louisiana ITirchase Exixisitiou. The exhibition made in that 
connection by the iluseum itself contained many important objects acquired 
through the Government appropri.ation for the exiK)sitiou. wliich, excepting such 
as were sent to tlie i.ewis and Clark Exiwsition. were subsequently incorporated 
in tile public series liere. .Much more extensive and notewortlij'. however, were 
the gifts m.uie to tlie nation.)! collections liy sever.al foreign governments, by 
many States of the Union, and by a large number of individuals liaving 
exhibits at St. Louis. So extensive, in fact, were the.se contrilmtions tliat they 
amounted in l)ulk to .aliout .tO c.arloads of si)ecimens, liesides five of exhibition 
cases. Of this nunilier 'Jo cars were tilled witli collections illustrative of 
mineral technology alone, comia-ising ex.iiuples of the n.atural and finished 
products iind of the aiipliai'cos of m.inufacture in many branches of mineral 
industry. I’nfortumitely the arrangement and display cf this instructive 
material must be deferred until more space becomes avaihible through the com- 
Iilstion of the new building. 'The Department of Geolo.gy also received many 
Important adilitions, e.~peci'illy in the way of large masses iind pieces appro- 
priate for exhibition. 'The contributions in ethnology, next in extent to those 
in mineral technology, wore e.xceeilingly varied ami interesting, since they relate 
to the customs and industries of several peoples, and will richly supplement the 
exi.sting collections. 

'Through the accessions already noted, the totiil number of spo-imens in the 
-Museum has been increaseii to about Ti.ltLOOo, classified as follows: .-Vnthro- 
pology, 0Si),n04; biology, t.TOO.i.'l.j : geology. 74o,S0L 

The most noteworthy additions in ethnology, besides those obtained at St. 
Louis, were from the sever.al isl.-inds between Sumatra and Romeo, the i)Iergui 
-Vrchipelago, and the island of Mindanio of the l*hilii)i»ine group; from pueblos, 
cliff houses, iind caves in western Socorro County. Xew Mexico; iind from the 
-Apache and Pima Indians of .Arizona, and the pueblo of Zuni. 'To the collec- 
tions in physical anthroixilog}- was addi-d a large amount of material bearing 
upon the iiaturiil history of sevenil races of man, especially the -American 
Indians, Negroes. Slavs, and Filipinos. 

The most important accpiisitions in historic archeology consisted of Arabic 
manuscripts and prints from the Mores of ilindanao, and of coins, pottery 
lamps, and jars from the Orient. The Division of Prehistoric Archeology ob- 
tained two valuable collections of implements from Japiin ; many interesting 
specimens from Australia and Tasmania. Cape Colony. Thuringia (Germany), 
and Belmonti. Italy; and a large number of stone implements and pottery 
from the I'nited States, Mexico, and South America. 

The collection of timekeeping devices was increased by sever;il gifts ;ind 
loans, and acknowledgments are due to the AYar Department for depositing 
numerous pieces of ordnance, among them being many of considerable historic 
interest. 

The Division of Graphic Arts received many contributions from foreign 
exhibitors at the Louisiana Purchase Exposition, and two pictures taken by 
Daguerre. .Among the accessions in ceramics were an extensive and very 
beautiful collection of glas-.ware from the Union Glass AA'orks ; examples of 
Teco ware and Yan P.riggle pottery, and a collection of typioil .lapanese and 
Chinese porcelains and pottery and of .Tapauese lacquer work. 

To P’o collection of -American history were added 7i!S objects, mostly loans. 



34 


REPORT OP THE SECRETARY. 


inclucliug many per^^oual military relics and examples of the ^yearmg apparel 
and other articles of the colonial period in Maryland and New York. 

Mention may here be made of the lar,ge oil portrait of the Empress Dowager 
of China, painted by Miss Katherine A. Carl and presented to the United 
States by the Government of China, with appropriate ceremonies at the AVhite 
House. 'I’he picture, encased in its heavy and elaborately carved frame of 
camphor wood, was transferred directly to the custody of the Museum and 
temporarily installed in the lecture hall. 

About 217, oils specimens were acquired by the Department of Biology, the 
princi])al increases as regards number of specinieus being in the divisions of 
Plants, Insects, and Mollu.sks, though in other branches the additions were not 
less important. The Division of ilamuials re.ceived large collections contain- 
ing many novelties from ^Malaysia and the Philippine Islands, besides many 
interesting sijeciniens from southern Europe, Brazil, and Japan, the Kamerun 
district of West Africa, and Bewean Island in the Java Sea. The most impor- 
tant additions to the Division of Birds were from the Philippine Islands, 
Malaysia, and Costa Itica, Of reptiles, collections were obtained from Japan, 
Formosa, the Philippine Islands. Malaysia. China. France, Switzerland, 
Jamaica, Guatemaia, and several parts of the United States. The Division of 
Fishes received by transfer from the I'liited States Bureau of Fisheries type 
collections fiajiii- Samoan -waters and Hawaii, and a very large number of 
specimens from the Pacifle and Atlantic coasts of North America. 

The Bureau of Fisheries was also the largest single contributor to the Divi- 
sion of Mollusks, having transferre<l some .".oOu specimens from recent dredg- 
ings of the steamer Alhuli nhin on the coast of Calil'ornia. Other important 
accessions comprised land and fresh-water shells from Texas. California, and 
Montana; about l.JiiO ideiitiried specimens <•! Philippine shells from the collec- 
tion of the late Herr Mollendorff. and umny marine mollusks from Alaska. 
IVhile no single large collei-tion was received l),v the Division of Insects, yet 
as a whole the additions were of average imiiortance, aggregating over 34,000 
specimens from many parts of the world. 

The Division of Marine Invertebrates obtained from the Bureau of Fisheries 
300 lots of foraininifera from the region about the Hawaiian Isiands and a 
large collection of crustaceans and sam|des of ocean bottom from the Alhutross 
cruise of the winter of lOUI-."; in the eastern part of the Central Pacific. 
The most important additions to the Helminthologicai Coilectioii was a series 
of parasites from Egypt. 

The past year has been especially noteworthy as regards thi‘ increa.se of the 
coliection in the Division of Plants, the additions having been very mui-h greater 
than in any previous year in the history of the .Museum, embracing 7.70 acces- 
sions and llli.riOO siiecimens. This was ehietly owing to the generous gift by 
Capt. John Doimeii Smith, of Baltimore, (d' his entire private herbarium, 
which alone contained 1(«».880 siiecimens from different regions, but mainly 
from tropical .\raerica. This large and valuable donation, the work of many 
years in assembling, was accompanied by a choice botanical library of over 
1 ,.j 00 volumes. The next important contribution was by transfer from the 
United States Department of .Vgi-iculture of 1.3.t(07 specimens from many parts 
of the L nitisl States, and from .Maska, Greimland. Canada. ^lexico. Guatemala, 
Europe, and India. 

The Department of (ieohigy .acipiired by gift at the Louisiana Purchase Expo- 
sition important series of ores, minerals, and economic products from Bra.zil, 
Siam, (evlon. (,ri'eci'. and several of the States, and through other sources, 
many interesting minerals and cut gems. 
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The eolleetions iii Stratigraphic Paleontologj' were mainly increased through 
transfers from the (teologieal Survey, of which the principal ones consisted of 
large numbers of Xiagaran fossils from Tennessee, of Ordovician fossils from 
the slates at Arvonia, Ya., and of Devonian and Carboniferous fossils from 
Colorado. A very valualile acquisition was the .gift l)y Mr. E. O. Ulrich and 
Dr. R. S. Bassler of the type and figured specimens of (15 species. The Section 
of Vertebrate Paleontolog.v received two largo collections from the Geological 
Survey, one made in the 'Wasatch Eocene of the Big Horn basin. Wyoming, the 
other from the Oligocene of Oelrichs. S. Dak. In Paleobotany, the most 
important additions were about 400 specimens from the coal fields of Sao 
I’aulo and Santa Cathariua. Brazil, and about the same number from the 
higher beds of the anthracite series in the vicinity of P<>ttsville. Pa. 

Exploratioiix . — As custodian of the national collections, the Museum depends 
chiefly for its increment upon the Government e.xiilorations conducted by such 
establishments as the Geolo.gical Survey, tiie Bureau of Fisheries, several of the 
bureaus of the Department of Agriculture charged with biological research, 
and the Bureau of American Ethnology, though in tlie history of the Museum 
both the Army and Navy have figured conspicuously. The very limited means 
available for the purpose iirevents any e.xtended amount of field work by 
members of the Museum staff. 

From October, 1004, to March, lOO.'. the steamer Albatross, of the Bureau of 
Fisheries, made extensive explorations in the eastern part of tlio Central I’aeific 
Ocean, under the scientific direction of Dr, Alexander Agassiz, For the Bureau 
of American Ethnology Dr. .T. Walter Fewkes investigated tlie sites of ancient 
Totonac semicivilization in southern Mexico, and Mrs. Matilda Coxe Stevenson 
continued her studies among the Zuni Indians of New Mexico, both of these 
expeditions being productive of iiiqiortant collections. Mr. E. .V. Schwarz, 
who visited Cuba for the Department of Agricultuie. brought back a large collec- 
tion of insects which is esiieciall.v rich in c'oleoptera. Mr. A. G. Maddren, 
under a grant from the Smitltsonian Institution, made a roconnoissance of a 
part of the Yukon River liasin of Alaska, during which he .secured fragmentary 
remains of several interesting Pleistocene mammals. 

Reference should also lie made to tlie movements of two of ihe most generous 
benefactors of the Museum. Dr. 4Y. I,. Abbott and Maj. Edgar A. ilearns. sur- 
geon, U. S. Arm.v, from botli of whom important contributions were received 
durin.g the year. The former, with headquarters at Singapore, has recently been 
working in ihe iMergul Archipelago and on the islands of Banka. Billiton, and 
Karimata. where his detailed and painstaking inquirii's have furnished most 
Important results in both zoology and ethnology; the latter, who was with the 
army of Maj. Gen. Leonard Wood on the i.sland of Mindanao, h.is collected in 
the same lines and with the same care. 

Of field work conilucted b.v assistants of the Museum, the following may bo 
mentioned; Dr. Ales llrdlicka, during his investigations among the .Vpaches and 
Pimas of Arizona in the s)iring of Ipo.'). obtained an important series of ethno- 
logical specimens, and Dr. Frederick W. True made several short trips to near-by 
places in Maryland and Virginia for the puriiose of securing remains of the 
cetaceans which occurreil in this ri'gion durin,g the Cretaceous period. Dr. 
Leonhard Stejne,ger and Mr. Gerrit S. iMiller, jr., coliected animals and plants in 
Switzerland. France, and Italy during the summer of 1P04. Mr. Robert Ridg- 
way, who was in Costa Rica from Novemlier, I!M)4. to .Tune. Ibo.", obtained a 
large series of the birds of that countrv. and was instrumental in sci-uring 
a most inqiortant donation from the national museum at San .Jose. Dr. tV. L. 
Ralph visited the Dism.al Swanq). Virginia, and the .Vdirondack region of New 
York, while Mr. Barton A. Bean collected in Carroll County, western Maryland. 
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Dr. F. V. Coville. while enj;ag«l in field work I'or the Department of Agricul- 
ture in Texas. Arizon.a, and Xew Mexico, olduined iii.any ifiants which have 
since been transferred to the Mnsenni. and Prof. O. F. Cook made botanical 
collections in Guatemala. Mr. tV. It. Maxon was in .Jamaica (luring the first 
part of the year, and later, accouii)anied b,v IMr. liobort Flay, in Guatemala under 
detail to the Department of Agriculture. In .Tunc. Ihti.j. Dr. .J. X. Hose, with 
Mr. .Josepli II. Painter, left on a collecting triii fij Me.xico, which will be con- 
tinued during the summer. 

The Department of Geology was enriched from .several localities through 
cooperative work with tl)(> Fnited States Geologi(Ml Surve.v. ])articipatcd in bj' Dr. 
George P. Merrill, and Dr. 1£. S. Hastier; and in .Tune .Mr. Charles tV. Gilmore 
accompanied one of the field parties of the Surve.v to Xew Jlcxico, where he ob- 
tained a small but interestin.g series of fossil vertebrates. 

I'cxcul'chc'i . — The cla.ssified tirrangement of the collections prescribed by 
law calls fur a largo amount of research work in the stud.v and naming of speci- 
mens, although ji greater or less proportion of the material la-ceived lias already 
been identified. .V full comidiance witli this roiiuiremeiit has at no time been 
possible, since th(> atteuiiou of the scientific staff mi its ]iast and present basis 
has been maiiil.v ulisorhed in tlio mere care and lavservation of tlie collections, 
and tlio maintcnanee of the exhiliirion features. Much lu'lp is olitaiiied. how- 
ever. from the scientific men of oilier iiistilutioiis. inuiiy of whom are interested 
in one or other of tlie suii.jects represented in tJio Miisinun. and the.v may visit 
M’ashington or liave collections smit to tliem for the* purposes of iiivesti,gation. 
The results of most of tlie iiniuiries (.-onducred in the .Museum lalmratories are 
only indicated in the manuscript records, wliidi ai’e virtually a descriptive 
history of the national cuilectioiis. coustanily in jiritgrcss. imr tlie working up of 
a collection from any iiarticular locality or region, or of a group of ob,jeets, 
large or siii.ill, may lead to a posUhe contribution to knowledge, meritiiyg dis- 
semination through the medium of pulilicatimi. Some of the mure important 
investigations of the past .year. Iioth liy assistants of ilie Museum and Iiy others, 
have iieeii as follows : 

In the Departiiieiit (f Antliropology. Dr. Waller Ilongli began a detailed 
study (if the very extensive Pueblo eolioctions, continued his oliservations upou 
the primitive uses of fire, and nearly completed a report on the Ilopi Indians 
of Arizona. Tlie cullectiuns in archeology were utilized hy ilr. AV. H. Holmes 
in preparing suli.iects and illnstratioiis for the Handbook of Xorth American 
Indians and hy Dr. .1. AV. Fewki's in working up tlie r<.‘sults of his recent 
archeological explorations in the Antillian region Several lines of research 
in physical anthropology oiciiiiuM the attention of Dr. .Ah's Ilrdlickn. and a 
paper deserijitive of the Howland loan collection of P.nddhist religious art 
was written liy Dr. I. AI. Casaiiowiez. 

In the Department of Biology. Dr. !■'. W. True prepaivd a diagnosis of the 
fossil skull of a neiv geiiiis and spiecies of sea lion from Dregon and iiegau a 
report on the collpction of zi]iliioid wliales in the JIuseum. Air. Gerrit S. 
Aliller. jr.. spent several months at the natural history museums of London, 
Paris. Berlin, and Leiden in completing Ins studies and identifications of the 
very extensive Fast Indian (•ollection of maniniais lielongiiig to the Xational 
Aluseum and of material from other regions. Dr. F. A. Alearus, while in AA'ash- 
ington during tlie winter, studied aud descrilied the unique collection of 
manmials and birds wiiicli he Iirouglit from tlie Philippiius aud completed 
the first part of his rt'port on tlie manmials obtained in connection with the 
Alexican liounilary surve.v. 

Air. Robert Itiilgway continued the jireparation of his monograph on the 
birds of Xorth and Aliddle America. The liirds obtained tiy Dr. AAL L. Abbott 
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on the islands off the west coast of Sumatra were the subject of study by Dr. 
Charles II. Richmond, and those secured by the same expiorer in Kilimanjaro 
and the China Sea ]iy Mr. H. C. Oberholser. of the Biologicai Survey. Mr. 
J. H. Riiey reported on a coiiection from the isiands of .Vntigua and Barbuda. 
Mr. Barton A. Bean, in coujuucti<>n with Dr. C. II. Eigeumann. of Indiana 
University, worked up the specimens of fishes brought from tiie Amazon 
River by Prof. .1. B. Steere in 'I'lie Characinida- have been referred to 

Doctor Eigenmann. and the I'acific deep-sea fishes are being studied liy Dr. 
C. H. Giibert. of Leiaud Stanford .lunior University. 

Dr. AV. II. Daii comiiieted a revision of the land aiul fresh-water luollusks 
of North America nortli of latitude 40^. a review of the classification of the 
American Cyclostoiiuitida', and papers on land and fresli-w.ater sliells from the 
Bahamas and Central America. He al.so has in progress rei)orts on the 
Pyramidellida', in joint autliorsliip witli Dr. Paul Bartsch : and on recent 
collections fmm the Bureau of Fisheries. Dr. AVilliam II. .Vshmead has al)out 
completed his work on the superfamil.v I’ormicoidea or ants, and Mr. D. W. 
Coqnillett has lieen engaged iii>on a monograph of tlie North American mos- 
quitoes. Jtiss M. .1. Ratlil)un pvei)arcd for tlie Bureau of Fislieries two reports 
on Brachyura and Macrura. collected at the Hawaiian Islands and in Alaska, 
and continued her studies on tlie fresh-water cralis. Dr. Harriet Richardson 
completed a comprehensive monograph of tlie North .American Isnpods. and 
Dr. T. AA’ayland A’augliau gave much time to tlie madreporariaii corals. 

Dr. .1. N. Ruse reports satisfactory in-ogress witli liis researclies on the flora 
of Mexico and on the Crassnlnceie and Cactace.-e of North .America. Air. AA'illinm 
R. Alaxon prepared severaj papers on ferns, and Mr. .1. II. Painter studied the 
Mexican spei'les of Aleibomia. Ciqit. .lohu Donnell fsiiiitli. associate in botany, 
continued ids investigatioiis and the printing of liis extensive work, and Dr. 
E. L. Greene, under a grant from the Sniitlisonian Institution, liegan upon an 
Important paper to bo entitled " Landmarks of Botauieal History." 

Dr. George P. Alerrlll completed a contribution to a history of American 
geology and conducted oiiservatioiis on tlie origin of asliestiform serpentine 
and the weathering of building stones Rescarcli work in mineralogy was 
mainly coiitiiicd to the study of th(‘ structure of meteorites iiy Air. AA'irt Tassin. 
Dr. R. S. Bassler submitted a |taper on the Bryozoa of the Roche.ster Shales. 
The report of Dr. .Anton Hanillirscti. of A'ienna. on the Paleozoic insects repre- 
sented in tile Atuseum collection was received during tlic year and will soon 
be publi.sbed. An important work, seni to [iress before the close of the year, 
was a catalogue of the type s]iecimeiis of fossil iiivertelirates contained in the 
collections of the Alnseniii. 

In Pali'oliotaiiy. Prof. Lester P. AA'ard coniploted tlio sei ond part of Ids mouo- 
gra[)h on the status of the Ale'.ozoic lioras of the L’uited States. Air. David AAMite 
has made extensive ii^e .if tlie I.ncoo collei-tioii in tlie preiiaratiou of a report 
on the stratigrapldr succession of tlie Pottsville floras in tlie basins of the 
Appalacldan trongli. while Dr. F. H. Knowlton lias lieeii engaged upon the 
flora of tlie Laramie gnnqi and in the study of material from Alaska. 

finil f.n Junif/f of ihipJirtitr spcci/i/ca'f. — Duplicate invertebrate 
tossils to tile nuiiilier of some fiu.uou spccinieiis. gradually segregated from the 
reserve series lUiriiig the progress of researches, were preiiared for tlie use of 
educational institutions, being made up into several hundred sets. There also 
remained on Iiand Air tlie sniiie jiiirpose a few sets of fishes, marine inverte- 
brate animals, and geol«_)git al spoi inieiis illustrating rock weatliering and soil 
formation. Of these several collections, which are recognized as very lielpful 
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in connection with science teaching in the higher schools and colleges, 121, 
aggregating over 14,000 specimens, were illstribute<l during the year. In making 
exchanges with scieutitic establishments and individuals about the same num- 
ber of dui)licate specimens were utilized, but as an equivalent is obtained in 
these transactions they directly benefit the collections. 

E.rltihition liiiJIi :. — The crowded state of the exhibition halls prevents any 
extensive additions to the public collections, lait si)ecimens are freciuently 
received which are deemed of sufficient iinportam-e to reiilace others that have 
been for some time on display, and the installations in all branches are being 
constantly improved. In ethnology the interesting Malaysian collection of Dr. 
W. L. Abliott and Philippine collection of Dr. K. iMcarns were sutistituted for 
some of the older material from Polynesia; the basketry collection was rear- 
ranged and several cons[)icuous examjiles of the handiwork of the Indians of 
southern Alaska were installed. To the exhiliition in historic archeology were 
added a series of biblical .gems, coins of tile P.iiile, orient.al manuscriijts. etc. 
The entire collection of prehistoric archeology. o<-cuijying the large upper hall of 
the Smithsonian building, recently renovated, is being tlioroiigldy revised and 
will soon again be ojiened to the piibli<-. The exhiliits in technology received 
some interesting ac<'psslons, e.specially in the line.s <jf electrical apiiaratiis, fire- 
arms, and railroad appliances. In the galler.v of ccr.amics the collection of 
purely artistic ware in porcelain, glass, l.acquer. and metal work was arranged 
by countries in a series of separ.are cases. 

The most iuiiiortaiit additions in tiiology consisted of ob.jects which had been 
obtained and prepared bn' the Museum display at the lajuisiana Purchase 
Exposition, including a numl)er of lar.go exotic nnimmals, tlie skeleton and 
cast of tile exterior of a suIi>hur-bottom wh.ale aliout .sO feet long, accurately 
colored (.'asts of several Iar.ge snakes, and a tine set of models of deep-sea 
fishes. The Aiuericaii faunal exhibit of insects was nearl.v conii>letod, aTid the 
s.vnoptic series of marine invertebrates was enlarged. A nnmtjer of large exam- 
ples of important ri.)cks and ores, besides several minerals and gems, were 
added to the collections in geology, but the most noteworthy feature was a 
skeleton of the great fossil Dinosanrian reptile, Tr/ccrutop.s pror.s-a.v. eonsfsting 
chiefly of the .actual liones <,f this Cretaceous monster, the few missing parts 
being reproduced in plaster. It stands S feet 2 inches high and measures 
19 feet .S indies lon.g. 

T’/.sitor.s'. — The Museum luiildin.g was visited during the year by 2.'I.1,021 per- 
sons. and tile Smilhsoiii.-m building liy 14'.t,:.’..S(i persons, niaki.ig an tiverage 
daily attendance of T-IM at tlie former and of 47T at tlie latter. 

mill 1rctiir<i ~. — Tlie lecture ball was used during tlie last Iialf of the 
year for several important fniictioiis. On March b, P.Mi.j, tlie IIoii. Andrew D. 
M'hite delivered, before .-i distinguished audience, the lirst lecture under the 
Hamilton fund ipf tlie Smiflisonian Institution, ids snliject Iieiiig ”'1110 diplo- 
matic service of tlie T’liited States, with some hints toward its reform." On 
March 2.1 occurred tlie comiuenceiiient exercises of tlie P'liited States Naval 
iledical School, tlie President of file United States lieing present and delivering 
the diplomas to tlie gr.idnates. Saturday afternoon lectures on zoological and 
botanical sulijects wi're given there from March l.S to April 22, under the 
auspices of the Biological .Society of 'tVasliington. tlie speakers Iieing Dr. Albert 
ilaiin. Dr. L. (). Howard, Dr. A. D. IT.vpkins, Dr. Oeorgi' T, Moore, Mr. M'illiam 
L. PiKlerwood, and Dr. F. M'. True. 

The regular annual session of the National Academy of Sciences was held 
trom April IS to 20, tlie lei-tnre liiill lieing used for llie public meetings and the 
office of the Assistant Secretaiy for business puriioses. and on May 3 the hall 



KEPOET OF THE SECEETAEY. 


39 


was occupied, for one of it.s daily sessions. I>y the American Institute of Mining 
Engineers, then holding its annual meeting in Washington. 

Publications . — The publications issued during the past year comprised the 
Annual Report of the National iluseum for volume 3 of Bulletin N'o. 50. 

lorming the third part of ilr. Robert Rldgway's monograph of the " Birds of 
North and Middle America part d of volume S of " Contributions from the 
National Herbarium." entitled " Studies of Jlexican and Central American 
Plants. No. 4." by Dr. .J. N. Rose; volume 9 of the same series, composed of a 
single paper on " The Useful Plants of the Island of Guam." by Mr. William E. 
Salford ; and the greater jiart of volume 2S of the I’roceedings of the Museum. 
The General Appendix to the Report for 190;! comiirised two papers, one by the 
Assistant Secretary, entitled " The United States National Museum : An 
Account of the Buildings Occupied by the National Collections." the other by 
Dr. A. B. Meyer. <it Dresden, entitled " Studies of the Museums and Kindred 
Institutions of New York City. Albany. Buffalo, and Chicago, with Notes on some 
European Institutions." 

Lihrunj. — T^e working library of the Museum now contains about 24.170 
bound volumes and ?>S.(i4;) unliound papers, the additions during tlie past year 
having comprised 3.."i7.T books, T.OdS pamphlets, and 5<!o parts of volumes. It 
is chiefly dependent on e.xchanges for its increases, but a large share of the 
books required for the classification of the collections are not to be obtained in 
this way. and the -liT.biiO annually ;qi]iropriatc‘d by Congre.ss is entirely inade- 
quate to supply even the mo-'t important demands in this respect. 

Ed'positions. — The exhibit made by the Museum, in conjunction with the 
other bureaus of the Institution, formed one of the especially noteworthy feat- 
ures of the Louisiana Purchase Exposition, at St. Louis, Mo., which closed on 
December 2, 1904. Arrangements were then be.gun for the Lewis and Clark 
Exposition, at Portland. Ore,g., wliich opened on .Juno 1. and is to continue until 
October 15. 1905. Dr. Frederick W. True was designated as the representative 
of the Institution and Museum, and Dr. Marcus W. Lyon. jr.. as chief special 
agent. The exhibit for Portland, which Imd necessarily to be planned upon a 
much smaller scale than the one at St. Louis, was made up almost entirely of 
selections from the latter, though a few uo\'elties were added. 

Respectfully submitted. 

Ricii.vrd Ratiibux. 

Assistant i^ecrctary in chunjc of I . S. yational iluscum. 

Jlr. .s. P. Laxclev. 

Secretary of the Stn ithsonian Institution. 



Appendix IT. 


REPORT OF THE CPIIEF OF THE P.T’RE.U’ OF AMERICAX ETHNOLOGY. 

SiE : I have the honor to submit the following report of the operations of the 
Bureau of American Ethnology, for the fiscal year ending .Tune -So, 1005, in 
accordance with the act of Congi-ess making provisicpii " for coutiimiug ethno- 
logical researches among the American Indians, under tlie direction of the 
Smithsonian Institution,” approved .\pril 2.S, 1004. 

The work of the P>ureau has been conducted in accordance wlfh tlie plan of 
operations approved by the Secretary .lune 17. 1004. The systematic re- 
■searches have been carried forward b,v tlie seven meml.iers of the Bureau’s 
scientific staff, assisted by a large number of associate.s and collaborators who 
have been called on to prepare papers on special subTects or to conduct investi- 
gations for wiiich their qualifications especially fitted them. During the year 
seven members and associates of the Bureau have m.ide researclies in the field, 
the regions visited including Maryland. Virginia, Oklahoma, Indian Territory. 
Arizona. New .Alexico. Oregon, and Ale.xico. 

The amount of field work has been somewhat curtailed tiy the necessity of 
detaining a number of the ethnologists in the ollice to assist in the completion 
of the I-Iandbook of the Indian.s (hitherto referred to as the Gyclopedia or 
Dictionary of the Indian Tribes), which was designi'd to be submittcHl to the 
Secretary at the close of the year. The enlargeuieni: of the scope of tlie work 
to include not only descriptions of tli.3 tribes and their settlements, but also 
popular articles covering the wlioh' ran.ge of ethnological and archeological 
research relating to them, greatly increased the amount of investigation re- 
quired. but tlie vilup of the Handbook as a work of reference has lieen more than 
proportionatcl.v increased. Witli the view of revising and unifying the great 
number of articles designed for introduction into the Handliook a eommittee of 
revision was organized, consisting of members of the Bureau and all available 
resident anthropologists, fourteen in all. who met three times each week to 
discuss the papers iirosented. The nieetin.gs of tliis committee jiroved both 
interesting and profitable, and suggested the advisability of bolding similar 
meetings hereafter fur tlie discussion of current reso:i relies of the Bureau. 

As a result of tiie preparation of tlie pa[iers for the Handbook, covering, as 
they do, tlie entire range of indian etlinologj' and adniinistr.-ition, the researches 
conducted in the ollice during the ye.-ir have lioeii excei>rior,ally comprehensive; 
ever.v Iiram'h of aiithrippologic re'-earch. iiicluiliug soniatolog.v, iis.vchology, 
linguistics, sociology-, religion. teclmidog.v. and ;e'tlierics. li.is rereiveil such con- 
sideration as tlie comprolieii^ive though neec'.s.arily brief articles for the Hand- 
book required. Besides the articles treating of tliese iirimar.v departments of 
research, many otliers liavo lieen iirep.ired. on the various jiliascs of the history, 
archeology. Iiiograpby, and education of the Indians ami the administration of 
their affairs. With tlie exceiitioii of tlie t.ibliograpliy and index, which were 
retained for refercnci' in proof reading, the manuscript for the Handbook, ac- 
companied with about snO illustrations, w.as submitted to the Secretary July 1. 
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Under the ausisices of the Smithsonian Institution the Chief visited Europe 
for the purpose of attending the International Congress of Americanists, held 
at Stuttgart. Germany, beginning August IS, 19d4. In addition to representing 
the Smithsonian Institution, he served as delegate of two other scientific organi- 
zations, and was also designated by tlie I leiiartiiient of State as the official 
representative at tlie congress of tlie United States Government. As a mem- 
ber of the scientific staff of the National Mu.seum he was intrusted with 
the additional commission of visiting a number of the principal museums of 
Europe for the purixise of aciiuiring information to be utilized in the erection 
and furnishing of the new National JIusenui building. On .luly 2t! the Chief 
sailed from New York in company with Jlr. .1. K. Jlarshall, of the firm of 
llornblower & ilarshall. architects of the now building, and reached Plymouth, 
England, Avygust 1. Nine days were spent in visiting the museums of London, 
Oxford, and Cambridge, and t'ight dajs in similar ob.'-ervations in Paris, and 
on August 18 Stuttgart was reached. The opening session of the Congress 
of Americanists was held in the forenoon of that day and was attended by a 
large number of members and other iiromiuent persons, including His Majesty, 
King William II, of Wnrttemberg, wlio, in response to tlie address of the 
president of the congress. Prof. Karl von don Steinen, expressed at length 
his appreciation of the aims and work of tlie congress, and his pleasure at 
having the session hold in hi.s capital city. 

A report of the last meeting of tlie congress, held at New York City in 1002, 
was presented by Dr. Franz P.oas, lionorary pliilologist of tlie Bureau, and 
other routine business was traii.sacted. Memhers of tlie congress were invited 
to take luiicheoii with the King at his sulmriiaii palace, which was followed by a 
reception in tlie jialaco gardens. Tlie King's interest was liighly appreciated 
and contributed iiuicli to the success of tlie congress. During the presence of 
the Americanists receptions were also lield iiy Count von Linden, vice-president 
of the congress, and liy Mr. Edward N. Oznniu. United States consul at 
Stuttgart. Sessions were held on Aii.giist 19, 20. 22. 2;->. and 24, and a large 
number of papers, dealing in the main with questions of American history, 
ethnology, and arclieology, were road. On tlie 2(ith the Ciiief of the Bureau of 
American Etlinolog.v delivered an address on " Coniributioiis of American 
Archeology to Human History," and at its close he presented to the congress 
a set of 7.3 bound volumes, relating chiefly to .Vmerican arclieology and ethnology, 
pifblished b.v the Smithsoiiiaii Institution and two of its bureaus — the National 
Museum and tbe Bureau of .\.mericaii Ethnology — for which the president 
extended tlie thanks of the congress. Tlie Cliief also presented a series of G(5 
photographs of American Indians, representing delegations wliich visited 'Wash- 
ington during tlie winter of 1903-4, tlie series liaving been taken cojointly by 
the Bureau of Aiiieric.an Etluiology and the National iluseiim. Various excur- 
sions were made to points of interest, the princijial lieing to SchafChausen, 
Switzerland, to visit tlie sites of Dr. .1. Nuesch's recent oxiilorations of the 
famous lake-dwelling stations at Scliweizerbild and Koeiiigsbau. 

Afti'i* tile iidjoiirmiieiit of the cungress. tlie Cliief proceeded to Dresden, wliere, 
under the guidaneo of Dr. A. B. Meyer, director of the Royal Zoological and 
Anthropological Museum of Saxony, the various museums of that city were 
examined. After leaving Dresden, a number of eitie.s in Germany, Holland, and 
Belgium were visited with a view to uiuseum study, and on August 12 he re- 
turned to Paris, and on the 2r>tli sailed from Cherbourg, en route for New York. 
Between tlio date of bis arrival in Plymouth, August 1, and his departure from 
Paris, September 25. tlie Cliief of the Bureau vi.sited and made studies of up- 
ward of 50 niuseuiiis. Tliese oliservatioiis are emliodied in a separate report 
submitted to the Secretary of the Siiiithsouiau Institution. 

■s.M 190.3 7 
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RESEABCH WORK. 

Shortly after his return from Europe in Sei)teuiber. the Chief found it neces- 
sary to undertake the preparation of a number of article.s relating to aboriginal 
art and archeology for the Handbook of the Indians. Among the subjects 
treated at some lengtli are .'ii'cheology, areliitecture, art. antiquity, Bureau of 
American Etlmology, bouework, catlinite, cliff-dwellings, copper, engraving, 
graphic art, mines and quarries, metal work, ornament, pottery, sculpture, shell- 
heaps, shellwork, and stonework. The only field work undertaken by the Chief 
during the year was a brief visit fo Cavetown. ild., for the purpose of observ- 
ing the exploration there being conducted by r>r. Charles Peabody and Mr. 
W. K. Moorehead in the well-known cave near that village. Mr. J. D. McGuire 
had begun the exploration of this cave for the Carnegie Institution in 1903 
and had obtained valuable evidence of its former occupancy by Indians. 
The present work, which consisted of extensive excavations within the outer 
chamber of the cavern, yielded much additional material of the same general 
character. 

During the first few weeks of the year Mr. James Mooney, ethnologist, was 
at St. Louis supervising the final installation of the Kiowa heraldry exhibit 
in the Smith.sonian section of the Government building. Louisiana Purchase 
Exposition. This exhibit comprised about 120 articles, filling 50 feet of wall 
case, together with one floor case, and consisted of 90 small shield models, 4 
original shields, 5 tipi models, 0 paintings on buckskin, with several cere- 
monial lances and smaller objects. On the completion of this work, after a 
brief leave of absence, Mr. Mooney returned to Mount Scott, in the Kiowa 
country, Oklahoma, where he continued his researches, including the prepara- 
tion of models and the collection of ethnological material. A number of 
Cheyenne tipi models were also made for the Field Columbian Museum, of 
Chicago, with funds provided by that institution, as authorized by joint ar- 
rangement with the Bureau. At the end of October Mr. Mooney returned to 
Washington and was engaged in writing a preliminary paper on Kiowa heraldry 
until about the end of the calendar year, when he was called on to cooperate 
In the preparation of the Handbook of the Indians, for which work the following 
articles were furnished : Arawakan colony, Calusa tribe, Cheyenne tribe, 
Kiowa tribe, military societies, peyote, population, shields, skin-dressing, sig- 
nals, sign language, Timueua tribe. Besides these about 100 minor articles were 
prepared, treating of tribes, Itiographies of noted Indians, and other subjects. 
In connection with this work the available information relating to the ancient 
tribes of Florida and the Gulf States generally was found to be so deficient 
and confused that Mr. Mooney undertook an investigation of the subject from 
original sources. A part of the results has been embodied in the Handbook of 
the Indians, and the foundation has been laid for an extended paper on the 
ethnologj- of this region to form a complement to his previous studies of the 
Siouan tribes of the east and the Cherokee. In the meantime he also super- 
vised the photographing of the large series of shield models and other parts of 
the heraldry collection made by him during previous years, and prepared cata- 
logues and labels for such portions of this material as were required for the 
Bureau exhibit at the Lewis and Clark Ex[)osition. 

Dr. J. Walter Fewkes, ethnologist, spent the first six months of the year in 
the completion of the text of his monograph on the Aborigines of Porto Rico. 
He left Washington on January 7. 1905, for an extended archeological trip to 
the Republic of Mexico, under a grant from the Smithsonian Institution, and 
returned on the 15th of May. About three weeks were spent by Doctor 
Fewkes in the City of Mexico making arrangements with officials for letters 
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to those who could aid him in the prosecution of his studies. While not thus 
engaged at the capital his time was profitably employed in studying the col- 
lections in the Museo Nacioual and one or two private collections, and in 
making several excursions to places of archeological interest in the neighbor- 
hood of the city, including several of the ruins near Lake Tezcoco. as well as 
those at Iztapalapa and at San Juan Teotihuacau. While awaiting lettei-s of 
intro<luction from the President to the governors of Veracruz and Tamaulipas, 
Doctor Fewkes visited Cuernavaca, where he made photographs of the so-called 
“ Victory stone, " or chimalli, the pictograph of the eagle, and the famous stone 
lizard, and made a trip also to the ruins of Xochicalco and Tepotzlan. From 
the ruin known as Casa del Tepozteco he obtained copies of inscriptions on 
the raised seat in the inner room. 

After receiving the necessary letters through the courtesy of President Diaz, 
Doctor Fewkes proceeded to Xalapa. in the State of Vera Cruz, which he made 
the base of operations during February. March, and a part of April. While in 
that city considerable time was devoted to an examination of the magnificent 
collection of Governor Dehesa, as well as the collection of Senora Estafania and 
others. The vicinity of Xalapa was found to be particularly rich in ruins and 
mounds, among which are those at Coatepec, Bandarilla. and Xalapa Viejo. 
An excursion was made also to Texolo. where there are thirteen or more large 
mounds, some of which are evidentl.v the remains of temples of an old Totonac 
city. Xico Viejo, an undoacribod ruin of a Xahuatl garrison town mentioned 
by Bernal Diaz and Gomara, was also visited in the mountains near the trail 
taken by Cortes from the coast to the City of Mexico in 1.119. Instructive 
photographs of this ruin were taken, and notes made on the idols and pottery 
found in the neighborhood. 

Doctor Fewkes made two visits to the ruins of Cempoala. about 20 miles 
from the city of Vera Cruz. On the first visit he was accompanied by an 
official representative of Governor Dehesa. by the alcalde of San Carlos, a 
neighboring town, and by the inspector and owner of the ruins. On the second 
trip, when he spent a week at the ruins. Governor Dehesa kindly permitted him 
to employ the services of the State photographer. Senor Ximlnes. 

At the close of March Doctor Fewkes visited the old city of Villa Rica de la 
Vera Cruz, now called Antigua, founded by Cortes. In the neighborhood of this 
city but on the opposite side of the river he found many mounds indicating the 
site of a large prehistoric city. Other ruins were observed at Santa Fe. 

Doctor Fewkes examined .some of the antiquities about Cordova and Orizaba ; 
he also visited the pyramid of Cholula near Puebla, and about the middle of 
April proceeded to the State of Tamaulipas, spending about three weeks at 
Tampico in a study of the numerous ruins along the Panuco and Tamise 
rivers and on the adjacent lagoons, and in visiting the extensive shell heaps 
and temple mounds a mile east of Tampico and others not far from thte 
site of the old town, Tampico Viejo. Disctor Fewkes found numerous antiquities 
at Altamira and mounds on the banks of the Champayan lagoon. Many other 
evidences of former occupancy, as idols, pottery, stone weapons, and ornaments, 
were seen in this region. The old city of Chila, destroyed by Cortes, situated 
about 10 miles west of Tampico, was found to be hidden in a forest. Evidences 
of temples and burial mounds also occur abundantly in this locality. About 50 
I'hotographs of bowls, jars, and idols found in the neighborhood of Panuco, 
Tampico, and the lagoons along the banks of the Tamise River, were made. Of 
more than usual interest are those of large stone idols at Altamira and in the 
courtyard of a house in Tampico. 

On his return to Washington Doctor Fewkes continued the study from his 
notes and photographs, and prepared a general account of his visit to Cempoala 
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and Xicochimalco. which was transmitted for publication by the Smithsonian 
Institution. The illustrative material brought back includes about 200 large 
photographic negatives, numerous smaller views, tracings of pictograplis, and 
many diaiwings, plans, and maps. 

Dr. Cyrus Tliomas. ethnologist, was engaged during tlie year largely ou the 
Handbook of the Indians, assisting Mr, Hodge in tlie laliorious task of pi'eiiar- 
ing the manuscripts for pul)lication. Among tlie articles written liy Doctor 
d'homas during the year for this work are agriculture, calendar, counting. Five 
Civilized Tribes, fortifications, habitations, maize, migrations, mortuary cus- 
toms, mounds and mound liuilders, poiailatiou, reservations, treaties, besides a 
number of biographical sketches and archeological articles of a more special 
character. The work of ro.iding the proofs of Bulletin 2S, which reiiuired 
especial acquaintance witli archeology and glyphic systems of the ancient 
Mexicans, was also intrusteil to Doctor Thomas. This reading was completed 
liefore the end of the year. Doctor Thomas was also frequently called ou for 
data required in otficial correspondence relating to his special branches of 
research. 

Mr. J. X. B. Hewitt, ethnolo.gist, at tlio beginning of the year liegan the prepara- 
tion of various articles for tiie llandliook of tlie Indians, and continued the 
corre<-tion and elalioratioii of tlie material pertaining to the Iroquoiaii stock 
for the same work. Among the articles furnislied are those on adoption, 
clans and gente.s, eonfedorntions, chiefs, government, mythology, religion, scalp- 
ing. wampum, and women. Tlie work of cataloguing the collection of linguistic 
inanuscripts. of which Mr. Hewitt is custodian, was completed as far as copy- 
ing the old cards in duiilicate, when the work was laid aside for that of 
the Handbook. Mr, Hewitt also gave material assistance in furnishing data 
required in tlie correspondence of the Bureau relating to tribes and languages. 

JIrs. M. C. Stevenson, ethnologist, spent the month of July in New Mexico, 
where she had iieeii for some mouths making a study of the arts, iudustries, 
religion, and social customs of the Zufii tribe. It was oiiserved tliat the Zuni 
pantlieon is largely similar to tliat of the Ilopi and the Rio Grande pueiilos. 
-Vlthough the Zufii worship numerous deities which take both human and bes- 
tial form, they iielieve also in a supreme power without form, yet embracing 
all form, the breath of life — life itself. These beliefs indicate that the Zuni 
have readied a liiglier stage of culture than has previously iieeu supposed, 
although it can not yet lie said to what extent this may be attributed to the 
Spanish influence to wliieli the trilie was more or less subjected for three 
centuries. Various details relating to Zuni life were investigated, and valu- 
able information regarding mortuary custoni.s was obtained through the death 
and burial of Naiuchi, a celebrated iiriest-chicf, whose demise occurred during 
Mrs. Stevenson’s stay in Zuni pueblo. Native plants entering into the medicine 
and dietary of the Zufii were also studied: the arts of preparing and dyeing 
wool, which have not been practiced for many years, were observed, and speci- 
mens of the native materials and devices employed in the process, as well as of 
the dyed wool, were collected. Studies of symbolism as embodied in Zuni 
textile and ceramic art. and investigations into the everyday life, and esiiecialiy 
the child-life, of the pueblo were likewise made. 

Early in August a day was spent by Mrs. Stevenson with the Santa Clara 
Indians in making a series of photographs of their annual fiesta. The month 
was occupied principally, however, in a study of the Sia Indians, a few days 
being given to the neighboring Jeniez pueblo. On the 27th Mrs. Stevenson 
reached Cocliiti, whence a visit was made to the great stone carving of 
cougars on the mesa 10 miles distant. In Mrs. Stevenson's comparative studies 
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these sculptures are of special interest, as thej’ are referred to in some of the 
most sacred myths of the Zufu. The first of Septemher was einpIoye<l in a 
visit to the cavate and mesa ruins alxiut 1l! miles from Santa Clara and in 
makiiif; observations amous the Tew.-i people of San Ildefouso, Santa Clara, 
and San Juan pueblos. The religious beliefs, rituals, and dailj' customs of 
these peoiile were found to be closely allied to those of Zufii. difference in lan- 
^uas,'e alone indicating that distinct ptHiides are involved. In October Mrs. 
Stevenson returned to IVashington, where she has since been engaged in the 
levision of proofs of her memoir on the Zufd Indians, in the Twent.v-third 
.\nnual Report, and. as opportuiuty afforded, in the elalxiration i.f her several 
studies <jn Ziu'd religious beliefs, on the eddde and medicinai jiiants of Zufu, 
on symbolism as embodied in the textile and ceramic arts, and on the dyeing 
of textile fabrics. 

Dr. ,1. It. Swantoii, ethnologist, was engaged during the year in copying and 
preparing for the press material obtained by him among the Tlingit Indians 
of Alaska during the winter of 10()3— t. This work, as comideted. consists of 137 
pages treating of the general ethnolog.v of the Tlingit ])eoples. 2U native texts 
with interlinear and fiw translations, the words of about KM) songs, with 
translations, together with English versions of SS stories obtained at Sitka and 
'Wrangell — altogether forming !Mmi typewritten i)ages. Doctor Swanton has 
also prepared gramuiatii-al accounts of the Dakota, llaiila. and Tlingit lan- 
guages for introduction into the Handbook <if Indian Languages now in course 
of preparation under the dire<-tion of Dr. Fran/, Roas. honorar.v philologist of 
the Bureau; and he has also been called on to contribute several articles for 
the Handbook of the ludiaus, including kinship, names and naming, priests 
and lu'iesthood, thunderbird, totem i)oles. secret societies, and social organiza- 
tion. 

Dr. A. S. Gatschet, ethnologist, continued his work on certain untinished lin- 
guistic studies which it was hoped could be conpdeted for publication before 
his failing health made further progress impossible, but in January he was 
compelled to practically relinquish his efforts, and on March 13 was placed on 
furlough. 

Early in the year arrangements were made with the United States National 
Museum to have Dr. Ales Hrdlidva. curator of idi.vsii-al anthropologj' in the 
Museum, visit Arizona and New Mexico on behalf of the Bureau for the puriwse 
(if making physical, physiological, and medical observations among the Apache 
and I’ima Indians. Leaving lY.ishington on .lanuary 2P, Doctor Hrdlicka be,gan 
his studies, five days later, on the San Carlos .\pa<-he Reservation, where he re- 
mained until February .S. when he visited a gnaip of Apache residing near what 
is known as the Sawmill, in the Black River Region. From this ixiint he re- 
turned to San ('arlos. and on February R! reachetl the Rice Station Apache 
School and district, situated farther northeast on the reservation. On February 
2d. Doctor Hrdlicka endeaviu'ed to reach the White Mountain branch of the 
Apache, but was iirevenred from doing so h.v exce]itionally heavy rains. On 
March 1 he was able to ]iroc(‘ed to Sacaton. Ariz..where studies of the I’ima tribe 
were made. From March 12 to Id he was at Casa Blanca. On the latter date he 
returned to Casa Grande, and thence proceeded to El I’aso, Tex., reaching the 
reservation of the Mescalero Apache in New Mexico on the Ihth. -iLfter remain- 
ing si.x days with the Mescaleros. Doctor Hrdlicka be.gan ftis return journey, 
re:ichin.g M'ashingtou March 31. 

Doctor Hrdlicka's researches were conducted with the objeid of supple- 
menting his former investigations anioTig the s.ame tril)es. ,\s much attention as 
possible was devoted to the children, from birth onward, the number examined 
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being nearly 1,000. Other important sulijects to which study was especially 
devoted were fecundity, mortality, native foods, h.vgieiie. disease, and curative 
means and methods. These studies were greatly facilitated l).v the olficials of 
the Indian Office, and met with little objection on the part of the Indians. 

In addition to his direct anthropologic investigations. Doctor Ilrdlicka suc- 
ceeded in gathering specimens of about 150 medicinal and food plants and a 
number of ethnological objects. He pro<-ured one Apache skull and five complete 
Apache skeletons, and in addition to makin.g observations of value among the 
ancient ruins of the general region, obtained many arclieological s])ecimens from 
hitherto unexplored ruins in the San Carlos Valley. 

In April, Mr. K. E. Ilewett, who was engaged during the winter months in 
preparing for the Bureau an archeological map of Colorado and New Mexico, 
was commissioned to procei'd to New Mexico for tlie ijurpose of makin.g ex- 
tended researches aiinjug the .ancient ruins of the so-called Pajarito I’lateau 
district. His first work was the investigation of numerous deserted and ruined 
pueblos of the Tewa tribes. This was followed by excavations of ancient 
mounds in Otowi Canyon, which yielded results of exceptional interest. I'p- 
ward of 17.5 Imrials were uncovered, and the osseous remains of more tlian 1(K) 
individuals were collected and forwarderl for study in the National Museum. 
The art remains comprise numerous entire eartiienware ves.sels and many fr.ag- 
ments, with a fair complement of imr>lements of ))one and stone. Mr. Ilewett 
was fortunate in reaching this arid spot in an e.xception.ally wet season, as he 
found water within easy reach. At the close of tlie year he had completed his 
studies within the lioundaries of P.ajarito Pl.ateau and was pri'paring to explore 
explore the plateaus and mountains to the west and the .lemez Valley beyond. 

In June a retmrt reaching the Bureau that important finds of jirehistoric 
remains of man and art had Inen made on the site of the forthcoming James- 
town Exposition, near Norfolk, Va., Mr. J. D. McGuire was commissioned to 
visit the locality and report on the character of the discoveries made. Mr. 
McGuire .spent one day on the exiX)sition grounds collecting sm-h information as 
was available, and later reported that although traces of human remains h.ad 
been exposed in the excavations of the exiiosition company, the reports had been 
greatly ex.ag.gerated, the disi-overies being meager and uniform in character 
with the relics of countless other sites in the Gliesape.ake-l’otomac region. 

The work of Dr. Franz Boas, honorar.v philologist, was confined to the prepa- 
ration of the Handbook of American I.anguages which has been under wa.v for 
several years. The main i>art of the field work for the first ji.irt of the Hand- 
book was closed durin.g the present .ve.-ii' and some field uork designed to be 
embodied in the se<-ond jiart was taken up. Doctor Boas also furnished the 
article on languages for the Handbook of the Indians. 

In the course of the fiscal year the following manuscripts for the Handbook 
of American Languages have been submitted. 

1. - Dr. P. E. Goddard: Grammatical notes on the Hupa (.Athapascan stock). 

2. Dr. A. L. Kroeber; Grammatical notes on the Yuki (Yukian stock). 

3. Dr. Boland B. Dixon: Grammatical notes on the Maidu (Pujunan stock). 

4. Dr. William Jones: Grammatical notes on tlie Sauk and Fox (Algonqulan 
stock). 

5. Dr. .lolm B. Swauton : Grammatical notes on the Dakota ( Sioitan stock). 

6. Dr. .lohn B. ‘ Swanton : Grammatical notes on the Haida ( Skitta.getan 
stock). 

7. Dr. John R. Swauton : Grammatical notes on the Tlingit (Koluschan stock). 

8. Dr. Franz Boas: Grammatical notes on the Kwakiutl (Wakashan stock). 

9. Dr. Franz Boas: Grammatical notes on the Chinook (Chiuookan stock). 
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The following manuscripts are still outstanding ; 

1. J. X. B. Hewitt: Grammatical notes on the Iroquois (Iroquoian stock). 

2. Dr. Franz Boas: Grammatical notes on the Eskimo (Eskimauan stock). 

3. Dr. Franz Boas : Grammatical notes on the Tsimshian (Chimmesyan stock). 

During the year the grammtdical notes on the Shoshoui by Mr. II. II. St. 

Clair. 2d. have been revised. 

The general plan of the IIandt»ook of Languages has undergone no material 
< hange. except in so far as it was deemed jidvisable to add briefer articles on the 
grammar of the remaining l.uiguages of the nortiiern part of the continent. 
These are the Tlingit. the Salish. the Kuteiiai. and the Chemakum. It is 
also deeme<l advisalde to add a sketch of one <if Xlie coast languages of Oregoi> 
which was collected during the year Ity Mr. St. Clair, who submitted his 

material on the Coosa and Takilma of Ort'gou during the present ye;ir. 

It also seemed desirable to add some data relating to the formation of the 
noun in Chinook, which seeme<l of importance in order to clear up some ques- 
tions relating to the fundamental traits of that famil.v of languages. Since all 
our information on this stock is derived from one informant, it seemed essen- 
tial to ol)tain additional material from other sources and from another dialect. 
I’or this reason preparations were made to send Mr. E. Sapir to the upper 
Columbia River to make a stud.v of the Wasco. In the preparation of this 
work the Kathlamet Dictionary, based on Bulletin 2(). was arranged and copied. 

The work on the southern group of languages will require long and ener- 
getic field work. So far only one of the languages of tlie' Gulf States, the 
Yuchi, has been taken up. this tribe being selecttsl because it seems most likely 
to furnish material that will be not only of linguistic value but will afford 
knowledege of the early history and customs of the Southeast. This work has 
been intrusted to Mr. Frank G. S[>eck, wlio .si>ent the summer of 10(4 among the 
Yuchi tribe and who returned to this field at the close of the fiscal year. 

I£.A.Xt>]!OOK or THE l.\l)I.\.N'S. 

Work on the Handbook of the Indians Xortli of Mexico, hitherto frequently 
referred to as the “Dictionary of Indian Tril)es,” has l)een vigorously prose- 
cuted during the year under tlie immediate supervision of Jlr. F. W. Hodge, 
of the Smithsonian Institution, who, with the approval of the Secretary, 
has devoted most of his time thereto. Mr. Hodge has had the almost undi- 
vided assistance of Dr. Cyrus 'Thomas : and. as occasion required, nearly the 
entire scientific staff of the Bureau has aided both in the preparation of 
the anthropologic and kindred articles and in tlie revision and elaboration 
of the tribal descriptions found to lie necessary by reason of recently 
acquired knowledge. So far as tlie funds of the Bureau afforded, the aid of 
ethnologists not otlicially connected witli the Bureau was also enlisted. The 
services generously rendered by Ibese. either gratuitously or for merely a 
nominal consiileration, are highly ap[ireciateil. 

As outlined in former reports it was originally the plan of Major Powell 
to classify the linguistic families, tribes, and settlements north of Mexico 
and to identify the various names by which these had been known in the 
vast literature of the subject, with a brief description of each such grouf). 
This material, recordeil on many thousands of cards, became known as the 
“ Cyclopeilia of Trilies. with Synonymy." 

In I'.idS the Secretary altered the scope of the work by directing the incor- 
poration of lirief sejiarate articles iiertaining to the haiiits, customs, arts, and 
industries of the Indians, and of their dealings with the Government, together 
with biograiihies of noted individuals and a list of words of northern Indian 
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origin tliat have been ineorjiorated into the Engiisli iangnage. No work so com- 
prehensive in its scojie iiail iiitlierto I)een attempted, conseiiueutly in making 
plans for tlie new dei)arture it liecame necessary to l>egiu at the foundation. The 
Ijopular styie of treatment was ever kept in mind, and consideraide time was 
consumed in ciirrespondence witli e\i)erts liest qnalifled for tlie preparation of 
many of tlie special articles called for liy tlie enlarged jdan. For tliese reasons 
it has not iieeii jiossilile to complete tlie work at an earlier date. Owing to tlie 
fact tliat many of tlie specialists do not reside in Wa.shiiigton. it was ditticult, 
within a limited time, to arrange for entire consistency in treatment and to 
prevent repetition tlirough encroaclmient of one snliject on anotlier wiien written 
by many liands. On tins account, and for tlie purpose of olitaining the views 
and criticisms of as many e-vjierts as iiossilde. conferences were held, as already 
mentioned, tliree times eacli week, wliich were faitlifnlly attended liy tlie eth- 
nologic staffs of tlie Ilnrean and the National JIuseniii. as well as by otlier 
resident ethnologists; and etliiiologists from elsewhere, wliile visiting Washing- 
ton, often gave this coniiiiittee of revision the heiietit of their criticism. 

A. S the articles iireiiared hotli by the regular attendants and liy others were 
read at the conferences, and thus were accorded op]iortnnity for criticsim, 
the value of the meetings in promoting tin* authoritativene.ss of the forthcoming 
Handbook is inestinialile. New subjects were constantl.v suggested, and in some 
instances much new liglit was shed on other.s. after having lieen written, by 
reason of tlie iiersoiial knowiedge of one or another of tlie critics pn'si'iit. 

In addition to llie s[iecial articles elsewhere mentioned i'l tills report as 
jirepured by members of tlie Kurean. the following are among the more impor- 
tant of those tliat liave lieen furiiislied iiy speeialists not otfieially eomiected 
with it : 

By Dr. Franz Boas : laiiiguages. 

By Dr. X. F. Chamlierlaiu : Armor, Basipie influence. Cliinook jargon. Dutch 
influence, Eliot's liildo. English inllueiice. fur trade. (Jerman inflneiiee. God 
(words for). Hawaiian iutineiiee. Kiiteiiai. linguistic families, “ Eo.st Ten 
Tribes,’’ maple sugar, Helnngeons. Negi'o and Indian. Scandinavian iutineiiee, 
Spanisli influence, wliite man (names fori, wild rice, and many articles per- 
taining to words of Indian origin incorporated into the English language. 

B. v Jlr. Stewart Cnlin: Gaines. 

By Dr. William H. Dali : liussian liiliueiice. 

By Miss Anna Dawes: ('inninissioii to the Five Civilized Trilies. 

By Dr. G. A. Dorsey: Ceremony, Sun D.iiiee. • 

By Mr. Willierforce Fames : Bible translations, dietionaries. periodicals. 

By Dr. Livingston Farraiid : .Alarriage and divorce, and many articles descrip- 
tive of some of tlie linguistic families of tlie Northwest. 

By Miss Alice C. Fletclun- : Adoruinent, agency s.vsteiii. liuffalo, camping and 
camp circles, civilization, dramatic representatinn. di’eams and visions, earth 
lodge, etiquette, fasting, feasts, furniture, .governmental policy, grass lodge, land 
tenure, masks, innsic and musical instrimieiits, oratory, orientation, poetry, prop- 
erty and proiierfy riglit. iiuillwork. soldiers, tatoooing, totems, trading posts, war 
and war discipline and articles descriptive of the Caddoaii trilies. 

By ilr. Gerard Fowke : " Faiisiiig man." and many articles on teclmologie ii 
sniijects. 

By Jir. IT. W. Hensliaw : .Vtlaiitis, exeliaiige. pictography, popular fallacies, 
slavei'.v, sweating and sn-eat liouse.s. 

By Dr. George Bird Grimiell ; Horse. 

By :\Ir. F. W. Hodge; Adobe, irrigation, kiva and many trilial articles, espe- 
cially tliuse pertaining to the Southwestern Indians. 
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By Dr. Walter Hoiigli : Altar, olothliis. eollertitif; and excavating, dyes and 
pigments, fire making, food, illumination, preserving and mending, snake dance, 
in addition to a large number of brief articles on various implements, utensils, 
materials used in manufacturing processes, etc. 

By Dr. Ales Ilrdlicka : Anatomy, artificial bead deformation, cannibalism, 
mixed bloods, health and disease, physiology. 

By Dr. Otis T. Mason : Arrows, hows, and quivers ; arts and Industries, bas- 
ketry, beadwork. bfiats, commer<-e. domestication of animais. education, environ- 
ment, featherwork. hunting implements, invention, needlework, traps, tr.ivel ami 
transportation. weaj)ons, weaving. 

By Dr. Washington Matthews ; Color symbolism, culture heroes, dry-paint- 
ing, ethics, famiiy, magic, measurements, medicine, mourning. 

By Mr. .T. D. McGuire: Drilling, fishing, pipes, smoking, stoi'age and caches, 
tobacco, trails and trade routes. 

The Bureau was also fortunate enougli to have the services of Dr. A. L. 
Kroelier, of the University ‘of California, who .geuerousiy revised the accu- 
mulated material pertaining to many of the linguistic families of California, 
and in addition gave much valuable information respecting the Shoshonean 
and Yunian famiiies and tiie Mission Indians. The remaining Californian 
stocks wore reviewed i)y Dr. I‘. E. Goddard, also of the Universit.y of California, 
and by Di‘. Boland B. Dixoii, of Harvard T niversit.v. 

With the exception of a few articles that had not lieen quite finished by those 
to whom the suli,i'ects were assi,gned. the manuscript of the body of the Hand- 
book, recorded on more than 4o,(M>0 cards, together with aliout 800 illustrations, 
was sulimitted to the Secretary for tr.ansmittal to the Public Printer on .Tuly 1, 
190.5, for pulilication in two octavo volumes as Bulletin oO of the Bureau. 
These cards do not include about ;'.7.0<'>9 cross-references to tlie tribal syn- 
onyms, nor tlie iubliography. which are retained for use in reading the proofs 
of the text. After serving tliis purpose the.v will be ready to be put in t.vpe to 
appear at the close of tlie work, 

.CKCHKOTOOir.CI, .MAP. 

The work of compiling an archeologic.il ni.-qi of the United States, which 
had received some attention in previous .vears. was carried forward with all 
possible dispatcli during tlie last year. 'I'he de])artments of the Government 
having control i f the public lauds have undertaken to protect from despolia- 
tion by commercial relic hunters and unskilled and unauthorized explorers 
the archeological remains of these lands, and excellent jirogress in this direc- 
tion has been made, especiall.v l>y the Department of the Interior, For years 
the Bureau has lieeu collecting data relating to the.se remains, and whenever 
called on has furnished all available information for the use of the depart- 
ments in carrying out this laudable entm-prise. During the winter months Mr. 
J. D. JIcGuire was engaged in collei-ting and collating data relating to the 
antiquities of Arizona and Utah, ami in ]>!atting tlie.se on topographical maps 
furnished liy the United States Geological Survey : and Mr. E. L. Ilewett has 
carried forward to practical com[)letion a corres[)onding work in Colorado and 
Xew Mexico. The several majis have been comjileted so far as the data is 
at hand. Accompanying tlie maps is a card catalogue of the various sites, 
giving information regarding location, character of remains, and explorations 
previously carried on. These maps and catabigues are at the disposal of 
the departments when called for. 

In Xew Jlexico the following sheets embrace .j 12 sites of suHicient interest 
to be catalogued : Santa Fe, Santa Clara, San I’edro, Pajarito Park, Bernal, 
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Las Vegas, Cliaro Canyon, Mount Taylor, Largo, Laniy, ^Yingate, Jemez. Taos, 
Tierra Ainarilla, Quemado. Acoma. Manzaiio, Pinos Wells, Tularosa, Chloride, 
San Martial. Fort Stanton, Big Hatchet, Chama, Ei Paso, Fort Bayard, Las 
Cruces, San .Juan, Alt)uquerque, and Tres Hermano.s. In Coiorado the Mesa 
Yerde sheet aione includes .5-1 sites. On the 21 Arizona siieets (Tusayan. Fort 
Defiance. San Francisco Mountain, Echo Cliff. St. .lohns. Prescott, Yerde. 
Florence. Holbrook, Canyon de f’helly, Soloinonsyille, Glol)e, Phoenix. Casa 
Grande. Fort Apaciie. Diamond Creek, Chino, JIarsh I’ass. Tombstone, and 
Tucson) 2TO sites are recorded, .ind on the T’tah slieets (Ashle.v. Beaver, 
Escalante, Fisli Lake, Henry Mountain, Kanab, Manti, Salt laike. San Rafael, 
St. George, Price River, Uinta. La Salle, Abajo, and ITah) are noted 122 sites. 
The 1,008 archeoiogicai sites thus catalogued are scattered over an immense 
territory and come under the jurisdiction of the Interior, Agricultural, and 
War departments. 

EXPOSITIOX WORK. 

The exhibit of the Bureau installed in the Smithsonian section of the Gov- 
ernment building of the Louisiana Purchase Exposition at St. Louis during 
IIKM, and described in tiie report for that year, was dismantled at the close of 
the exposition and a large part of it transferred to Portland, where it has 
been instalied as a ])art of tiie Institution's exhibit at the Lewis and Clark Ex- 
position. The remainder of the material has been returned to AYasliiugton iind 
deposited in tlit' Xationai Museum. 

STUDT OF I.XDIAN nEI.Efi.VTIOXS. 

The systematic study of visiting Indian delegations iias i)een continued with 
success. During the year 22 delegations, representing 21 tribes, have been 
conducted, through the agency of Mr. Andrew John, to the Bureau and National 
Museum laboratories. Upward of 2.SP iMjrtrait negatives have been made, and 
casts and measurements of a number of individuais have been ol)tained. Few 
Indians of the higher type, however, are willing to suinnit to the experience of 
having the face encased in iiiaster. The tribes represented are as foiiow : 


Photo. Cast 


Measure- 

ment. 


Photo. 


Measure- 

ment. 


Apaelie 

Catawba 
Cherokee . - 
Choctaw. 
Cayugra . . - . 

Colville 

Creek 

Flathead .. 
Menominee 

Mission 

Modoc 

Omaha 



1 ' 



<Jnonda^a 

1 _ 



Osage.. -- 

5 j 

1 

2 

Pawne - . ... 

i 


4 

Pueblu . 

11 


11 

Seneca ... 

'S 

o 

1 

Stoekbridge ... 

1-. 


1 

Sioux ... 

Wvandot 

11 . 
O 1 

.....j 

n 

Total 

68 

6 j 

i 

37 


COLLECTIONS. 

The ethnologicai colieetions olrtained during the year fall considerably short 
of those of previous years, owing to the redueed amount of fieldwork undertaken. 
This condition was due. iis :ilready explained, to the necessity of keeping most 
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(if the scientific staff in Washington to aid in the oonniletion of the Handbook 
of Indians. Tue accessions are a valuable collection, made by Mrs. JI. C. 
Stevenson at Zufii, a series of archeological objects olitained by Doctor Hrdlieka 
in Arizona and New Mexico, and several minor collections, all of which have 
been deposited in the National Museum. 

rUBLICATIOKS. 

The distribution of pnlilications has continued as in former years. The 
great increase in the numlier of libraries in the country and tlie multiplication 
of demands from the imhlic g{Uierally have resulted in an almost immediate 
exhaustion of the iiuota of volumes allotted to the Bureau, few copies of any of 
the reports remaining six months after the date of issue. I’art II of the Twenty- 
second Annual Report was issued in .Tanuary. During the year I..")',)! copies 
of the Twenty-first and Twenty-second Reports were sent to regular recipients, 
and 2.(M)0 volumes and pampldets were transmitted in response ti/ .special 
requests, presented largel.v Iiy members of t'ongress. 'I'lie proof reading of the 
Twenty-third Annual and of Bulletin 2.S was practically completed at the close 
of the year, and it is expected that tile press work of these pul)lications will 
shortly be begun. The Twenty-foui tI( Reiiort was in tlie hands of tlie printer 
before the close of the year, and Bulletins 20 and .'ll), the lathw lieing the Hand- 
book of the Indians, were ready to be submitted to tlie Secretary on .Tune 30. 
100."), while the Twenty-fifth Annual R('port was completed, with the exception 
of a small numlier of illustrations. 

EDITORT.M. WORK. 

The editorial work of the year has iiresentcd features of exceptional diffi- 
culty. on account of the layge numlier of papei’s dealing with linguistics and 
technical subjects. The Bureau has had the services of Mr. Frank Huntington 
for the greater part of the year, and Mr. J. 1’. Sanborn, Jr., received a proba- 
tional appointment as editor in May. The reading of the proiMs of Mrs. 
Stevenson's monograph on the Zuni Indians for tlie Twenty-third Annual 
Report, a work of much technical dilticult.v, was intrusted mainly to Mr. K. G. 
Farrell. 

Il.l.y.STR.VTIOXS. 

The work of preparing illustrations has continued in charge of Mr. De- 
Lancey Gill, who has been assisted, as heretofore, by Mr. Henry Walther. 
The photographic work has included the making of portraits of members of 21 
Indian delegations which visited the capital during the year. Three views of 
each individual were taken. besid(^ several group views, the negatives num- 
bering 2I»S. In preparing illustrations for tlie pnlilications of the Bimmu up- 
ward of 200 negatives were made, and loll films exposed in the field by members 
of the Bureau were developed in tlie laboratory. During the year about 2,350 
prints were made, mainly for immediate use in illustrating the Bureau publica- 
tions. Illustrations prepared for the Twenty-fourth Annual Report number 45 ; 
• for the Twenty-fifth Annual Report. 12S; for Bulletin 30. yoo. Illustrations 
transmitted with reports submitted to the Secretary for publication are : For 
the Twenty-fourth Annual Report. 1,103; for Bulletin 30, 871. Illustrations 
edited for the Twenty -third Annual Report number 25 : for the Twenty-fourth 
Annual Report, 1,102. The printed editions of 48 colored plates submitted by 
the engravers for the Twenty-third and Twenty-fourth Annual Reports, num- 
bering about 450,(Kio prints, were Individually examined and approved or 
rejected. 

2i138. 
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tlBRAEV. 

The library has been in iinmediate charge of Miss Ella Leary, who has had 
the assistance of Mrs. Ella Slaughter. The accessioning and cataloguing of 
the books, pamphlets, and periodicals received during the year have been kept 
up to date, and the cataloguing of the publications of scientific societies has 
been commenced. Owing to the crowded condition of the library and their 
Questionable place in an ethnological library, about 400 publications I'elating 
to natural history, received through exchange, have lieen transferred to the 
National Museum. During tiie year there have l»een received and recorded 
398 volumes, 500 pamphlets, and the current issues of upward of .500 period- 
icals; 120 volumes have been l«)und at -the Government rrintlng Oliice. The 
library now contains about 12,.5(k! bound vt)lumes. T.iiOO pam])hlets. and a large 
number of periodicals bearin,g on ethnology and kindred topics. Purchase of 
books for the library has been restrictetl to those th.-it bear on the sub.iect of 
anthropology, with special reference to the American Indians, .and only indis- 
pensable works h.ave been old.ained by this means. 

CLERICAL WORK. 

The clerical force of the Bureau consists of four regular employee.s — Mr. 
J. B. Claj-ton. he.ad clerk : Miss Emili<‘ It. Smedes ami Miss May S. Clark, ste- 
nographers : and Mi.ss Ella Leary. < lerk and acting librarian. During the year 
the compilation <jf the Handliook of the Indians necessitated the employment of 
additional clerks with special tr, lining in dealing with cyclopedic material aud 
in bibliographic work. In this the services of Mrs. F. S. N'ichols. Mrs. Gertrude 
L. Rogers, and .Miss Laura W. Steever have proved invalualile, 

PROPERTY. 

The property of the r.ureau is comprised in seven classes, as follow : Office 
furniture aud aiipliauces: field outfits; linguistic and ethnological manuscripts 
and other documents ; photographs, drawings, paintings, and engravings.; a work- 
ing library: collections held temi>orarily by i-ollaborators for use in reseai'ch, 
and undistributed residue of the editions of Bureau ])Ublications. 

The additions to the iiroperty of the Bureau for the year include a typewriter 
and a few necessary articles of furniture. The only improvement made in the 
offices was the changing of the electric-light wirin.g. which was done under the 
direction of the District authorities at a cost of .'fllC..55 

Respectfully submitted. 

W. H. Holmes. 

Chief of Bureau. 

Mr. S. P. Langley, 

Secretary of the Hmithgoniun Institution. 
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REl’OItT OX IXTEKNATIOXAL EXCHANGES. 

Sir : I have the honor to submit tlie following report of the operations of 
the International Exchange Service during the year ending June oO. 190.5: 

The system for the interchange of publications between learned institutions 
and individuals in the United States and those in other countries was inaugu- 
rated by the Smithsonian Institution almost at the very beginning, and was 
maintained at the exiiense of the private fund of the Institution exclusively 
from 18.50 to 1881. when Congress made a small ai)propriation to assist in the 
work. Since that time Congressional appropriations have been made annually, 
but at no time have they been hirge enough to iirovide for tlie entire expense of 
the service, the Institution having supplied all other necessary means from its 
private fund, with the .aid of United States departments and bureaus and 
State institutions, which have been asketl to reiinlnirse the Institution, at the 
uniform rate of 5 cents per pound, for a t)art of the expense of preparing, iioxing, 
and transiiorting contributions. 

The numl)er of packages dis[i.itched during tlie year was greater tiian ever 
before, and, as a record of every jiackage is reipiired. tlie work has been 
considerably augmented, but there has been no increase in the clerical force. 

The offices occupied by the Exchange Service, cousihting of five rooms, are in 
the southeast basement of the Smithsonian building, and are equipped with the 
necessary folding and sorting tables, bins, tile cases, desks, etc, - In addition to 
the customar.v supplies for general clerical emiilo.vment, the service requires 
large quantities of cards, labels, and printed forms. The supjilies for packing 
and shipping are considerable, and so far as practicable are obtained under 
annual contract. 

On May 1. 19n5, the Institution was informed that the steamship Buteshire, 
which sailed from New York on November 2(1. 1904. was subject to general 
average adjustment on account of tire in the hold of the vessel during the 
voyage. Twelve cases of international exchanges destined for Australian ports 
lormed a part of the cargo, and in the event that the contents of any of these 
cases prove to be irreparably damaged they will be replaced iiy duplicate 
volumes, if practicaiile. 

The foiliiwing tabular statement shows the weight and number of packages 
transmitted each month during the year, and also the increase over the previous 
twelve months in each class of correspondents. I'he second table is a statement 
of exchange transmissions during each year since 1S9S. 
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Tabular statement of the work of the International Exchange Sei'vice during the 

fiscal year IDO^-o. 


Number Weight 


of pack- 
ag^es 
han- 
dled. 


of pack- 
ages 
han- 
dled. 


Number of correspondents June 

my 


Ca.ses 

Foreign Domes-, 


Pack- 
ages 
sent to 


i For- Domes- 
eignso- tic so- individ- tic indi- i tic ad 
'■ cieties cieties. uals. ; viduals. ; dresses. 


21, m) 

^ 2,311 I 

_ 

57,919 . 


1901 I 

July., ' i 1,283 

August-- - hi. 11)1 27.175 

September 11, (>47 

October 17. 181 

November II. 847 

De<‘ember 1S.8S1) 

111115 

January 14.51H 8S, 149 

February 59,7.19 

March 11, ‘.mi 89, 6:jti 

April 20.397 

May 11,024 2»i,ir)7 

June 12.5S7 4l.7'10 

Total--- liC) T5:i "474.^7l 

Increase ovtu’ llN»-4- 0.770 'f0,.589 I 


14 . 01 S 

701 


8 , .574 
JIO 


27 . 2 o:) 
‘ 2 . 81)2 


',(_t25 ^ 


44 .S 98 , 
0. 190 i 


40 


' I)ecr*^ase. 


Tlip fiiilowiiiK table shows tlie miniboi- of iKiekages of exchanges liandleil and 
the increast' in th(‘ nundior of cofresiioiidents each year from 18U8 to UMib: 



1 S 9 S- 99 . 

lS 9 !l-l<)rjJ 

IWH-i-l i 

11 ) 01-2 

1902-8 

190 :i -4 i 

19 ( 4 - 5 . 

Number of packago^ rc- 






! 


(•eived 

97 , Kt> 

118 .. 5 (« ! 


125. 790 

150,217 

1 -')S, 9 s 8 

1 H 5,758 

Weight of packages re- 
ceived pounds.. 

817 .S.S 8 

409 , IWI ' 

414,277 1 

;)ik ;,418 

•\ 59 , 71 .S , 

4 sl. 4 i 0 ' 

474,871 

Correspondents: , | 

Foreign .so<’ieties 

10,822 

10 .S 45 

11.295 

1 K 7 I )0 

18,121 

18 , 2.57 

14,018 

Foreign individuals 

18 ,;JT 8 

I 5 .;is 5 

ir». 2 (;i 

17,701 

2 l.:i:i 2 ' 

24,901 

27 , 'Mi 

Domestic societies 

2 , 59)1 

2.721 

2 , 99 H : 

8 . 1 S 2 

8.819 ! 

8 . 4 H 4 ' 

8.574 

Dume.stic individuals 

4 .«T 8 

5 .INI 0 

5, 158 

5 . .557 

0,240 

«;, 4 V» ' 

7,025 

Packages to domestic ad- i 

dresses 

81 , f 45 

2 «s, r )25 

81,:957 

8 klHil 

:i: 4 . 9 S(i 

8 S, 7 ( r 2 i 

44,898 

Cases shipped abroad 

1..500 

l.TiiS 

1 , 7.57 

1 .S 47 

2,401 ' 

1 , 9 S 7 

2,027 


The total niiinbm’ of cm‘res|iondents lias increaseil from year to year until 
the aggregate is now ol.SSU. or M.sos more than at the conclusion of the fiscal 
year The corrospondenfs in the TTiited States number lO.o'.lO, and 

those in all tither countries 41.2S1. Of the latter lumiher organized bodies main- 
taining libraries number 14,018, and those clas.afied as individuals aggregate 
27,263. 
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Number of correspondents of the International Exchange Service in each country 

on June 30^ 1005, 


Correspondents. 


Correspondents. 


Country. 


Libra- 

rie'^. 


AFRICA I 

Algeria | 26 

Angola - 1 

Ashantee 

Azores T 

Beira - 

British Central Africa. . 1 

British East Afnca 

Canary Islands 2 

Cape Colony oH 

Cape Verde Islands 

Egypt iS 

French Kongo 

Gambia 

German East Africa •) 

Gold Coast 1 

Kongo 

Lagos 2 

Liberia H 

Louren^o 3Iarquez 

Madagascar 0 

Madeii*a 

Mauritius 12 

Monx'co 

Mozambi(iuo 

Natal 22 

Orange River Colony ... *3 

Reunion 4 

Rhodesia H 

St. Helena -i 

Senegal 1 

Sierra Leone 2 

Sudan 1 

Transvaal i H2 


Tunis 

Zanzibiir 

.AMERICA l NORTH ). 


Canada H64 

Central America’ 

British Honduras. -- 1 6 

Costa Rica 27 

Guatemala 44 

Honduras 14 

Nicaragua ... 2b 

Salvador 21 

Greenland 2 

Mexico 177 

Newfoundland- 17 

St Pierre-Miquelon 2 

United States 8. 574 


Indi- 

vidu- 

als 

Total. 

Country. 

'“-Is- 

Total. 



AMERICA (NORTH) — 



44 , 

70 

continued. 

i 



1 

West Indies' 



1 

1 

Anguilla 

. 1 

1 

16 

2:3 

Antigua . . 

S 6 

14 

1 


Bahamas 

4 ; 11 

15 

8 1 

4 1 

Barbad( >s 

M) 1 27 

37 

8 ' 

3 

Bt^rmuda 

« 1 24 

:50 


11 

Bonaire 

1 

1 

iiyr 


Cuba 

70 ; 1:39 

209 

5 

5 

Cura^o 

8 j 6 

9 

!t5 

i:3H 

Dominica 

2 i 7 

9 

•> 

2 

Green Turtle Cav. . 

1 

1 

2 

2 

Grenada 

■i (! 

9 


5 

Guadeloupe 

2 6 

a 

4 

5 1 

Haiti 

' iti 

56 

5 , 

1 1 

Jamaica 

21 ' ,T<) 

71 

;> 


1 Martini<iue 

8 

3 



1 Montserrat 

•J* 

2 

.> 

•» 

Nevis 

i 

1 

0 ! 

! 15 

Porto Rico 

0 , m' 

45 

4 1 

' 1 

St Bartholomew . 

’>> 

2 

U 


1 St Christopher 

2 i 7 

9 


14 1 

' St Croix 

1 1 4 

5 

1 

1 

! St. Eustatius 

1 

1 

21» : 

51 

St Lucia 

2 ,j 

7 

6 . 

0 

1 St Martin 

2 

2 

2 

, 6 

i St Thomas 

2 8 

10 

14 ' 

' ‘■*2 ' 

St Vincent 

1 1 2 . 

3 

2^ 

1 ■> 

Santo Domingo 

:C 14 

17 

5 

0 ! 

i Tobago 

1 '> 

2 

3 


j Trinidad 

16 , 16 

32 


' 1 

Turks Islands. 

3 1 6 

9 

41 

7:1 


1 ' 


s 

15 

.\MEKI<’A ISOCTH » 



5 


Argentina 

161 1 243 

404 



Bolivia 

2*2 21 

43 

62.5 

fSO 

Brazil 

156 191) 

;45.5 



British Guiana 

W 1 :. 

:34 

12 

16 

Chile 

!)8 113 

21:3 

47 

74 

Colombia 

:39 61 

100 

72 

116 

Dutch Guiana. 

5 4 

9 

41 

. 5.5 

Ecuadiu* 

24 2S 

52 

;V> 

75 

Falkland Islands 

6 

6 

15 

:36 

French Guiana 

1 : 

:3 


0 


3 , 17 

20 

3'! 

2 : 3:3 

410 

Paraguav 

21 ‘ 15 

.•58 

, .50 

Peru 

47 .H6 

ISJ 

2 

: 4 

Uruguay 

54 41 

95 

7,025 

1 io,.v.n) 

V enezuela 

4:3 51 

94 
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Number of eorrespoiidenfs of the Interiiationul E.rchauge Serrice in each country 
0)1 J)iue ,10, I'.tor, — Continued. 


Correspondents. 


Corres]>ondents 


Country. 


Libra- 

ries. 


Indi- 
Ti du- 
als. 


Total. 


C< miitry. 


Lil >ra- 
ries. 


Indi- 

vidu- 

als. 


Total. 


ASIA. 


Arabia 

Beloochistan 

Burma . - - - - 11 

Ceylon 

China otl 

Cyprus H 

Form< >sa - 

French India I 

Hongkong^..- 11 

India 258 

IndO'China 

Japan . . - ll>ii 

Korea 4 

Macao ] 

Malaysia: 

Borneo 


British yowCriiin* a 
British N o r t h 


Borneo i 

Celebes 

Java 22 

New (ruinea 

Phihi)i)ine I«.lan(is . . 24 

.Sarawak 1 

Sumatra 1 

Persia :i 

Portuguese India 1 

Siam 7 

Straits Settlements I'J 

AISTKALASIA. 

New South ^YaleH S9 

New Zealand 92 

Queensland 54 

South Australia 45 

Tasmania 25 

Victoria 12U 

Western Australia 

KTROFE 

Austria-Hungary . - 792 

Belgium 39(1 


-continued. 


T i 


1 ! 

1 

Bulgiiria 

15 ■ 

•>> 

37 

9 * 

2:j 

Denmark - 

121 

241 

m2 

IK ' 

4K 

Fninco 

i.K81 

3. 375 

5,2:38 

KIH ! 

1K«> 

(Toriuaiiv 

2.821 

5. 124 

7. 7 45 

4 1 


Uibralter - 

1 

7 

8 

:i! 

3 

Ixivat Britain . ... 


i;.5'«» 

k,k2;j 

1 


(xrei'ct* __ 

42 ^ 

t.o 

102 

2!) 

49 

Iceland 

17 

11 

28 

309 ' 

5t>7 

Italv 

900 

1. 285 

2. 185 

11 ' 

21 

Luxemburg - - 

13 

10 

23 

492 

♦•►S2 

Malta 

13 

18 

2‘» 

18 : 

22 

Montt‘ih‘gru 

' 2 

1 

3 

1 1 

.> 

Netherlund.s 

228 

418 

842 



Norwuv 

145 

211 

:358 

1 ' 

1 

Portugal 

111 ' 

92 

203 

1 ! 

1 

Rouinunia 

52 

74 

126 



Ru'^sia 

584 

1.145 

1.709 


3 

Servia 

22 

18 i 

38 

4 

4 

.Spain 

217 

3i;j 

;5:J0 

:19 

r>I 

Sweden 

m 

42.) 

621 

1 

1 

.Switzerland 

m 

7K8 

l.lHl 

:J2 1 

5r» 

Turkey 

43 

103 

1 

140 


I 

IMH.VNhSlA. 




2 

3 





in; 

13 

Fiji Islands 

1 


1 10 


1 

German New (xuinea-. 

1 


1 

24 

31 

Guam 


1 

1 1 

2:j 

42 ' 

Hawaiian Islands 

;io 

77 

' 107 



Mai*shaU Islands 


.5 


IKK 

277 

New Caledtmia 


.> 

! 2 

147 

2=49 

New Hebrides 

1 


1 

72 

128 ' 

Samoa 


5 

5 

KP 

125 

Sevchelles IsUindcs 


1 

1 


80 

Tahiti 


.s 

i 8 

1K4 

3iH 

Tonga. 


3 

3 

45 

7K 

International - . 

37 


i 37 

1 

1,445 

2.23K ' 

Total- 

17.592 ' 

:44,2K.S 

‘ 51,880 

1 

549 

9:k» 
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EXCHAXGi: OF GOVER.XitENT DOt LMEMS. 

All Govi’rnuiout pulilic.'itions ^nituitDU.-.ly i.re^ented to other sovernments 
through the luteriiatioual Exchange Seivice during the year, and similar publi- 
cations received l)y the departments and hureaus. are enumerated in the follow- 
ing table. The receipts from abroad show an increase of packages, or 

25.<!g per cent, o^er the fiscal year 190-3-4, while the contributions to other 
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countries diiiiiiiislietl to the extent of O.Ofo. or 12.89 per cent, during the same 
lieriod. The increase in receijits is particularly gratifying, and is due prin- 
cipally to earnest demands, lioth by personal solicitation and by letter, for more 
ade<iuate reciprocal retunis ; while the diminution in the contributions of United 
States official publications is attributable largely to the elimination of many 
correspondents who have not sent an equivalent in their own publications. 


Statement of t'aitcit Stutex Gorcniiiiciit e reliaioiex during the gear 


Packajfes 

Name of Bureau. R^eiverl Sent Name of Bureau 

tor— by — 


Packages. 

Received Sent 
for— by- 


American Historical Asso- 
ciation.- 

Astrophysical Observatory. b> 

Auditor for the State and 

other Departments nts 

Board on Geogi*aphic Names 1 

Bureau of American Eth- 
nology tiTK 

Bureau of American Re- 
publics IT <» 

Bureau of Animal Industry 

Bureau of the Census 45 

Bureau of Education US 

Bureau of Fisheries liH} 55S 

Bureau of Foreign Com- 
merce H 

Bureau of Insular Atfairs 11 

Bureau of Labor 55 . 5d 

Bureau of the Mint 11 IIh; 

Bureau of Navigation, Navy 1 

Department | 

Bureau of Navigation. Dc- '• 

partment tif Commen e 

and Labor II 

Bureau of Public Health 
and Marine-Hospital Serv- 
ice s .54S 

Bureau of Statisti<*s. De- 
partment of Commerre ; 

and Labor 3i 15. 4ii5 

Bureau of Steam Engineer- 
ing. Navy Department-- 1 

Chief of Staff, U S Army. ., 141) 

Civil Service Commission ..i 2 IrJ 

Coast and Geodetic Survey. .511 514 

Commissioner of Internal 

Revenue S 

Commis-sioners of the Dis- 
trict of Columbia <> oi ) 

Comptroller of the Cur- 
rency 55 hS)) 

Department of Agriculture. 454 192 

Department of Commeri-e 

and Labor 5 1 

Department of the Interior. 21 2<>f» 

Department of Justice. 44- 


Department of State. 14 2 

Engineer School of Appli- 
catxm 4 

Entomological ( 'oniniissioa. 3 

(xeiieral Land < )ffice--- 0 

Geological Survey 742 2.414 

Health Department of the 

Distrn-t «>f Columbia ID 

Hydrograplm- Ortiee 94 141 

Intei*state Commtu’ce Com- 

mi'^sion 24 92 

Isthmian Canal (’ommis -loll 1 

Libmry of Congress 12.45)s 2D. 765 

Lib'-Saving Service (JO 

Light-HoUse Board 3 181 

Military Se<*retary*.s (Office 268 

National Aeadeiny of Scl- I 

cnees 11)3 46 

National Botanic (4ardeii... 1 

Nat.onal Bureau of Stand- 
ards ID 

National Mustmm 31(5 3.622 

National Zoological Park - 3 

Nautkal Almanac Office 30 71 

Naval Observatory 154 - 609 

Navy Department 14 

Office of the Chief of Engi- 
neers 31 8^3 

Ottif-e of the Cliief of Staff 

U. S. Army 8 

Office Iiid.an Affairs 3 

Ordnance Office, War D*.-- 

partineiit 2 

Patent ofii<e 266 1,818 

Presult-ut of the United j 

States 1 1 

Senat -of the United States. 3 

Smithsonian Institution 3 7:2D 12,217 

SupermtemUmt «jf Docu- 
ments 1 41 

Surgeon-Gerierars ( )ffice 151 3^ 

Treasure Department 0 9 

War Department ... 31 6 

Weathci Bureau 137 yjl 

Total 20 4 D 0 6",r?:30 




•s.M 1905 8 
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r.ELATIVE 1 ATERI.HA:<(_;E of PUBEII’ATIONS BETWEEN THE VNITED STATES AND OTHER 

COENTRIES. 

Following is a comparative statement of exchange transmissions between the 
United States and other countries <luriiig the years t!M)4 and U10.1, respectively. 
Exchanges were conducted with l-Tt countries during the year ended June dO, 
lOO.j, or two more than during the preceding year: 

Coinparatifc stutciiiciit of inirkui/cx itccivcd for intuxinimion tlii'oiifili ihe Inter- 
national E.rchangc Serricr ilnrinij the ftscal yrnrs ending June dO. 190 'i. and 
■June 30, 1003. 


Country. 


Algeria - 

Angola 

Antigua 

Arabia 

Argentina 

Austria-Hungary 

Azores 

Bahamas 

Barbados 

Beira 

Beled-es-Sudan 

Belgium 

Belotx'histan 

Bermudas 

Bismarek Archipelago 

B-’livia 

Bonaire 

Borneo 

Brazil 

British America 

British Burma 

British East Africa 

British Central Afri<*a 

BritKh Guiana - 

British Honduras 

British TVest Africa - 

Bulgaria 

Canary Islands 

Cape Colony 

Cape Verde Islands 

Celebes 

Ceylon 

Chile. 

China 

Colomltia 

Kongo _ 

Costa Bica 

Cuba 

Curacao 

Cyprus 

Denmark 

Dominica 


im. I9(io 


Packages. Packages. 

For — From — For — From — 


Vii] ft") 13f> li") 

‘i ' 2 

r>T 42 

m 

mn 2 29f} 1.210 

5.:m) ’ o.im 2.:4a 

4li 85 

48 : 45 

108 1U8 

i: 

1 

2.S4S 2. 450 2.804 2.S71 

1 

52 54 

1 1 

127 82 270 4 

1 

18 10 

. 2 . 2:^8 S47 ^,122 1.052 

3.043 010 3.804 762 

18 27 

0 11 

3 4 

112 MT 

5^8 26 

4 1 

lf>8 124 

27 81 

542 228 KjS 158 

6 2 

4 5 

128 271 

lA^iti .54 1.85! 160 

54<i 221 .550 24 

872 671 

1 

1.255 1,167 

1,012 or 660 214 

22 2«f ' 

5 11 

1.810 766 1.186 , 818 

75 71 ' 
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CoiitiJurutirc stufciiiciit uf pucfifif/rx recciccil for tniiixniivxioji through the Intcr- 
mitionul IJ.rchuiiiic Herrice. etc. — Ooiitiiiued. 




19U5. 

Comitry. 

Packages. 

Packages. 


For— 

From— 

For— 

Fr« )m— 


4'.) 





1 







IBl 



252 

•> 






19 



21 




France - - - 


5.Li;:i2 

lU.JvlU 

B.;j;4s 

French Co«*hin China - 



43 



•> 





.> 


1 


8 


•> 


Cxermany - - 


B. ‘(28 

18.289 

8. 404 


Hi 


21 



H 


12 



IB 


1. 



s 


12 


Great Britain anil Ireland 

IT. Bite 


18.U24 

13, 271 

Greece 

811 

4 

T2(» 

38 


4 


- 



lit 


20 



1 





23(1 


194 





•> 


Haiti - - 

t>i5 


438 


Hawaiian Islands 

W> 


88 


Honduras 

302 


219 


Hongkong 

i:i5 


KJB 



48 




India 

1.844 

182 

1 . 773 

319 

Italy _ 

r>. THU 

1.405 

B. T^) 

1,412 


2<J<5 


233 


Japan 

2.4B3 

18 

2,439 

84 

Java 

24S 

48 

259 

127 


(57 


0i( 


Lagos 

•> 


•> 



4 


o 


Liberia 

03 


8:4 


Ltfurengo Marquez. ... . 

19 




Luxemburg 

ss 

1 

78 


Madaga'^c-ir 

24 


:4U 





*»*> 


Malta - - 

51) 


205 


Marshall Islands 

() 





9 




Mauritius 

75 

47 

B1 

49 

Mexico 

2,279 

1.BI9 

2,002 

1.:J95 


1 





4 





2") 




Natal. . 

j:i:j 

95 

177 


Netherlands 

2. 495 

778 

2,087 

I,o:48 

N ew Caledonia 

7 


in 
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Cowpiiniiii-e vtateinciit of puclui/c-s rrcciccd for truiisiiiixsioii through the Intcr- 
■natioiuil E-iehamje Eerrice, etc. — Continued. 


Country. 


Newfoundland- 

New Soutli 'Wale'^ - 

New Zealand 

N icaragna - - 

Norfull; I-^lands 

Norway 

Orange River Colony 

Panama 

Paraguay 

Persia 

Peru 

Philippine I.^land> 

Porto Rico 

Portugal 

Queensland 

Reunion 

Rhodesia 

Roumania 

Russia 

St. Bartholomew 

St. Croix 

St. Eustatius 

St. Helena 

St. Kitts 

St Lucia 

St Martin 

St. Pierre and Mitiueloii, 

St. Thomas 

St. Vincent 

Samoa 

Samos 

San Salvador 

Santa Liu-ia 

Sant< » Domingo - 

Servia - 

Siam - - 

Sierra Leone 

Society Islands-- 

South Australia 

Spain 

Straits Settlements 

Sumatra 

Sweden - 

Switzerland 

Syria - - 

Tasmania - 

Tonga - 

Transvaal - 

Trinidad 

Tunis. 

Turkey 

Turks Islands 


im. 


1905. 


1 Package 

S. j 

Packages. 


For— From— ' 

F( >r — From 

- 

! viS 


OS 

fi 

i 2,11)0 

575 

2.055 

7S2 

075 

4 . 

1.4.50 

2 

.... 


500 





15 


1.105 , 

lyvi 

1. 572 

647 

11 


201 


24 -- 

1 

107 


ITS ' -- 


127 


51 .... 




002 


SSI) 

250 

m 

.) 

111 

63:^ 

IH .... 


10 


1,(J5.S 

:«7 

00] 

455 

070 

2n() 

S52 

8 

14 


15 


20 

20 

21 

1 


}.2^i ' 

424 

102 

J t.Clfl 

2.:ua i 

4. 442 2, 

,577 

ti 




11 .. 


0 


4 . 1 

•» 


21 


21 


19 


. .. . 

in .. 


17 


17 


21 . .. 


14 ... 


2*5 

.... 



52 


2 




152 

s 

202 


15 




5 . *; 

Is 


sn 

0 

105 

no 

101 


IS 

22 


; 21) 


21 


2.57n 

4 i 

2,o:n 

5 

i.r)55 

nil 1 

1,647 

65 

202 


151 - ... 




1 


2 125 

0:2s 

2. 1 )50 

117 

2. 7t)2 

l.:550 

2 045 I 

. 155 

115 


:>s 


701) 

1 

24 

570 

3 

71)5 


: 1)04 

1 

Xi 


02 


:is 


:i5 

12 

. 1 S25 




-! li) ... 


i 2:3 
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Coin purtit ire stateincnt of packages received for traiisiiii^sioii throiiiiii the Intcr- 
iiiiiioiitil E.vchuiiijc Service, etc . — ComciuKMl 


Country. 


United Statfs 

Uruguay 

Venezuela 

Victoria 

Western Australia 
Windward Islands 
Zanzibar 


im 1H05. 


Packages. ' Packages. 


For — 

From— 

For— ' 

From — 

:JS. 7(1:3 

llr).0.sr ‘ 

44.902 

116,044 

1.31)4 

51 j 

916 

307 



(}()0 


1.950 

SIG 

l.fis:^ 

4H4 

Si:j 

514 

g:i9 

4 

51 


55 



With few exceptions the s:mie aiTjmgemeuts exist for distributing exebanges 
in otiier countries as those iiieiitioiied in the previous report, and, aithough 
it is a source of regret that evei'y country does not maintain an official exchange 
bureau — among the most important being England, Germany, and Austria- 
Hungary — the Institution has l>een successful in enlisting the services of some 
institution of learning or prominent individual in nearly all countries not offi- 
cially represented, with the resuit that means have been found for forwarding 
exchanges to every |)art of tlie world. On account of the extent of the work, 
and various disturbances which are liable to occur, interruptions and delays 
are sometimes unavoidable, 

China is still consideritig the proposal to establish an official exchange bureau, 
and efforts were recentlj’ renewed through the diplomatic service with that end 
in view, hut, pending more satisfactory arningements, facilities have been 
added to the somewliat limited method of distribution. Packages for Shanghai 
are now forwarded by post, under frank, through the United States postal agency 
in that city, and through the courtesy of the Zl-ka-wei Observatory parcels for 
the provinces are distributed with reasonable dispatch. 

On account of the difficulty in transporting exchanges from the coast to the 
city of Quito all transmissions to Ecuador were susi)ended for twenty-one 
months, but through the efforts of the American minister consignments were re- 
newed on April 4, 1905, with the mutual understanding that exchanges for 
Guayaquil and other coast towns should be packed in separate boxes and dis- 
tributed to addressees from the port of entry. This arrangement is only tem- 
porary. and. on the completion of a railroad now in course of construction from 
Guayaciuil to Quito, it is expected that all <-onsignmeuts will be forwarded 
direct to the last-mentioned city and thence distributed. 

Following is a list of correspondents abroad through which the distribution of 
exchanges is accomplished. Host of those in the larger and many in the smaller 
countries forward reciprocal contributions to the Smithsonian Institution for 
distrilmtion in the United States ; 

Algeria ( via France! . 

Angola (via Portugal). 

Argentina : Jluseo Nacional. P.ucnos Ayres. 

■tustria : K. K, Statistische Central-! 'ommission, Vienna. 

Azores (via Portugal). 

Barbados : Imperial Dei)artmeut of Agriculture, Bridgetown. 

Belgium ; Service Beige des Echanges Eittcraires Internationaux. Brussels. 
Bolivia : Ofleina Nacionai de Inmigi-acion, Estadlstica y Propaganda Geograflea, 

Ua Paz. 
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Brazil : Spryuju ilo rerinuta«;r>es Iiiternacionaes, Bibliotheca Nacional. Bio de 
Janeiro. 

British Colonies : Crown Agents for the Colonies. Loudon.'! 

Bulgaria : Dr. Paul Leverkiihu, Sofia. 

Canada : Sent by mall. 

Canary Islands (via Spain). 

Cape Colony : Superintendent of the Government Stationery De])artment, Cape 
Town. 

Chile : I’niversidad de Chile, Santiago. 

China : Zi-ka-wei Observatory, Shanghai. 

Colombia : Biblioteea Xaoional, Bogota. 

Costa Rica: Oficimi de Depo.sito y Canje de Publicaciones. San Jose. 

Denmark ; Kongelige Danske Videnskahernes Selskab. Copenhagen. 

Dutch Guiana : Surinaani.sche Kolouiale Bibliotheek, Paramaribo. 

Ecuador: Minister of Foreign Relations, Quito. 

East India: India Store Department, India OlHce, London. 

Egypt: Societe Khediviale de Geographie. Cairo. 

France: Bureau Franeais des Rchange.s Internationaux. Paris. 

Friendly Islands : Sent by mail. 

Germany: Karl W. Hiersemann. Kiinigsstrasse .‘!. Leipzig. 

Great Britain and Ireland: Messrs. Williiiin IVesIey & Son. 2S Essex street, 
Strand, Loudon. 

Greece: Director of the American School of Classical Studie.s, Athens. 

Greenland (via Denmark). 

Guadelou[ie (via France). 

Guatemala: Instituto Xacional de Guatemala. Guatemala. 

Guinea (via Portu,gall. 

Haiti : Secretaire d'fitat des Relations Exterieures, I*ort :tu Prince. 

Honduras : Biblioteea Nacional. Tegucigalpa. 

Hungary : Dr. Josei)h von Kiirosy. “ Redoute.” Budapest. 

Iceland (via Denmark). 

Italy: LTficio degli Scambl Internazionali. Biblioteea Nazionale Vittorio Em- 
auuele. Rome. 

Jamaica : Institute of Jamaic.a. Kingston. 

Japan : Foreign Otiice. Tokyo. 

Java (via Netherlands!. 

Liberia: C.ire of American Coionization Society. Washington, D. C. 

Luxemburg (via Germany). 

Madagascar (via France). 

Madeira (via Portugal l. 

Mexico: Sent by mail. 

Mozambique (via I’ortugal). 

Natal : Agent-General for Natal, I.ondon. 

Netherlands: Bureau Scientifique Central Neerlandais, Bibliotheque de I’Uni- 
versite, Leyden. 

New Guinea (via Netherlands). 

New Hebrides : .Sent by mail. 

Newfoundland : Sent by until. 

New South IValps ; Board for International Exchanges, Sydney. 

New Zealand: Colonial Museum. Wellington. 


<» This method is employed for communicating with a largo number of the 
British colonies with which no means are available for forwarding exchanges 
direct. 
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Xicaraguil : Jlinisterio de Kelaciones Exteriores. Managua. 

Norway : Kongelige Norske I'vederiks Uiiiversitet Bibliotheket. Cliristiauia. 
I'araguay ; Ministerio de Relacioues Exteriores. Asuncion. 

Persia (via Russia). 

Peru: Ofieina de Reparto, Deposito y Canje Interuacioual de Publicaciones, 
Ministerio de Foiuento, Eima. 

Portugal : P>il(liotbeca Nacioaal, Lisbon. 

Queensland : ExeUauge Board. Parliament House. Itrisbane. 

Roumauia (via Germany). 

Russia : Commission Russo dos Ecbanges Internationaux, Bil)liotbe(iue Imiieriale 
Publiyue, St. Petersburg. 

Salvador: Museo Nacional, San S.-dvador. 

Santo Domingo : Sent by mail. 

Servia (via Germany). 

Siam : Minister for Foreign Affairs. Bangkok. 

South Australia: Astronomical Observatory, Adelaide. 

Spain: Deposito de Lilnos, Cambio Internacional y Bililiotoca General del Min- 
isterio de lustrueeiou Publica Bellas Artes. Madrid. 

Sumatra (via Netherlands). 

Syria : Board of Foreign Missions of the Presbyterian Church. New York. 
Sweden : Kongliga Svenska Vetenskaps Akademien, Stockholm. 

Switzerland: Service des Echanges Internationaux. Bibliotheque Federale Cen- 
trale, Berne. 

Tasmania : Royal Society of Tasmania. Hob.art. 

Tunis (via France). 

Turkey : American Board of Commissioners for Foreign Missions. Boston. 
Uruguay: Ofieina de Deposito. Reparto y Canje Internacional. Montevideo. 
Venezuela: Bililioteca Nacional. Caracas. 

Victoria : Pul)lic Library. Jlelliourne. 

Western Australia: Public Library of Western Australia. I’erth. 

Zanzibar : Sent by mail. 

AVith the exception of points otherwise inaccessible and those countries with 
which the use of the otticial pi>st-otlice frank is permitted, parcels sent to foreign 
countries during the year were i)acked in boxes and were forwarded by express or 
freight. Of the 2,d27 boxes of puidications tlius sent. 2n;! contained complete 
series of otticial documents of tlie United States f(>r designated depositories, and 
1,824 boxes contained TTinted States de|)artment.il reports and scientific e.x- 
ciianges for miscellaneous addresses. The number of boxes of miscellaneous 
exchanges sent to each country is .given below : 


Antigua 

1 

Cape <’olonv 

12 

Argentina 

3r. 

China 

4 

Austria 

74 ' 

Chile 

25 

Barbados 

•> 

Cnlomlua 

G 

Belgium 

72 

Costa Rica 

7 

Bermuda 

o 

Cuba 


Bolivia 

_ _ 3 

Denmark 

24 

Brazil 

•’0 

Dutch Guiana 

— - (6) 

British colonies 


East Indies 

33 

British Guiana 

4 

Egv[»t 

7 

British Honduras 

__ 5 

France and colonies 

177 

Canada 

(D 

Germany 

2.-i0 


“ Packages sent by mail. 

Included in transmissions to Netherlands. 
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Gre.it Britain and Ireland 

Greece 12 

Grenada 1 

Guatemala 5 

Haiti 1 

Hawaii ('■’) 

Honduras .j 

Hungary 

Italy IM: 

Jamaica -t 

Japan ;i;i 

Liberia I 

ilexico {"} 

Natal S 

Newfoundland CM 

New South Wales . 21 

Netherlands -In 

New I'ruvideuce 1 

New Zealand In 

Nicaragua i; 

Norway _ n." 

Baraguay o 

Peru IL> 

Philippine Islands (.M 

Polynesia ( iM 


Porto Rico (a) 

PoiTugal 14 

<iuoensland 8 

Itoumaiiia (6) 

Russia 72 

Salvador 7 

Santo Domingo 3 

Servia (6) 

Siam 3 

South Australia 13 

Spain IS 

St. t'hristoi)her 1 

Sweden 59 

Switzerland .50 

Syria 2 

'I'.ism.ani.a 4 

Tr.insvaal 4 

Trinidad 2 

Turkey 5 

Turks Islanil 1 

rru.guay 13 

Venezuelii 0 

Victoria 19 

Western .Australia 1 1 


During the year four consignments of I'nited States Government official pub- 
lications were made to eacii of the tift.v depositories for which provision was 
made under the Joint resolution of Congre-'S a|)proved .March 2, 1SG7. Trans- 
missions consisting of one box each were made to e.-icli depository on October 1 
and Deceinlier 27. liVil. and on Feliru.iry 28 and April 24, 1995. On the last 
date mentioned three aiUlitimial consignments. eoni|)rising complete sets, were 
forwarded to Cape Colony, .Manitoli,i, and Prance, respectively, thus increasing 
the numiK'r of regular depositories to tift.v-three. .1 list of these depositories 
follows ; 

•Vrgentina : Lii.rary of the Foreign Office. Buenos Ayres. 

Argentina : Bildioteoa ITililiea Provincial. I.a Plata. 

-lustralia : Library of the Commonwealth P.irliament, Melbourne. 

Austria: K. K. 8tatistische Central-Commission. Vienna. 

Baden: rniversitiits-Bililiotliek. Freiiuirg. 

Bavaria: Kdnigliche Hof- und Staats-Bildiothek. .Munich. 

Belgium : Bililiotheiiue Royale. Brussels. 

Brazil : Bililiotheca Nacioual. l!io de Janeiro. 

Canada : I’arliamentar.v Library. Ottawa. 

Cape Colony: Government Stationery Department. Cape Town. 

Chile: Biblioteca del Congre.so. Santiago. 

Coloniliia : Biiilioleca Nacional. Bogota. 

Costa Rica : Oficina de Dejidsito y Canje de Publii-aciones. San .Tosd, 

Culia : Deiiarlment of State. Habana. 

Denmark ■ Kongelige Bildiotheket. Copenhagen. 

England: British Museuiii. London. 

'! Packages sent by mail. 

''Included in transmissions to Germany. 
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England : School of Economics and Political Sciences, London. 

France: Bililiothcqiie Xationale. Paris. 

France : Prefecture de la Seine. I'aris. 

Germany : Deutsche Reichstags-Bibliothek. Berlin. 

Greece : National Library. Athens. 

Haiti : Secretaire d'Etat des Relations Exterieure.s, Port au Prince. 

Hungary : Hungarian House of Delegates. Budapest. 

India : Secretary to the Government of India. Calcutta. 

Ireland: National Library of Ireland. Dublin. 

Italy : Biblioteca Naziouale Vittorio Euiaimele, Rome. 

Japan : Foreign Office. Tokyo, 
llanitoba : Provincial Library. Winnipeg. 

Mexico: Institute Bibliografico. Museo Nacioual. Mexico. 

Netherlands: Library of the States General. The Hague. 

New South Wales : Board for International Exchanges. Sydney, 

New Zealand : General Asseiul)l.v Library. Wellington. 

Norway : Storthingets Bibliothek. Christiania. 

Ontario : Legislative Library. Toronto. 

Pel'll : Biblioteca Nacioual. Lima. 

Portugal : Bibliotheca Nacioual. Lisbon. 

Prussia : Kiinigliche Bibliothek. Berlin. 

Quebec : Legislative Library. Quebec. 

Queensland: Parliamentary Library, Brisbane. 

Russia: Imperial Pulilic Lilirary. St. Petersburg. 

Saxony : Kiinigliche Oeffcntliche Bibliothek, Itresden. 

South Australia : Parliamentary Library. Adelaide. 

Spain : Deposito de Libros. Cambio Internacional y Biblioteca General del 
Ministerio de Instruccion Piiblica y Bellas Artes. Madrid. 

Sweden: Kon.gliga Biblioteket. Stockholm. 

Switzerland : Bibliothc(iue Federale. Berne. 

Tasmania: Parliamentary Library. Hobart. 

Transvaal: Government Librar.v, Pretoria. 

Turkey: Minister of Public Instruction. Constantinople. 

Uruguay : Olicina de Deposito, Reparto y Canje Internacional de Publicaciones, 
Montevideo. 

Venezuela : Biblioteca Nacional, Caracas. 

Victoria : Public Library. Mcllwurne. 

Western Australia : Kuidic Lilirjir.v 4)1' Western Australia, Perth. 

Wiirttemberg : Kiinigliche LandesI)ibliothek. Stuttgart. 

The fifty-three sets of United States oliicial publications referred to were 
delivered to the Smithsonian Institution from time to time as the.v came from 
press, and when a sufficient number was received to completely fill the boxes 
prepared for them a list was printed to accompany each set. which was then 
shipped to its res]iective destination. 

In addition to the above, partial .sets were provided under the joint resolu- 
tion of Congress approved JIarch 2 , 1901, for the purpose of increasing 
exchanges with countries for which no provi.sion was made under the limited 
resolution of JIarch 2. 1.S07. The new depositories that had been designated 
to the close of the fiscal year 19P4-5 were as follows: 

Austria-Hungary : Biirgermeister tier Haupt- tind Residenz-Stadt, Vienna. 
Bolivia : United States Minister, La Paz, 

British Columbia : Legislative Lihrarv, Victoria, 

Bulgaria: Minister of I'lireigu Affairs, Sofia, 
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Ceylon : United States Consul, Colombo. 

Egypt ; Bibliotbeque Khediviale, Cairo. 

Germany : Grossherzogliebe Hof-Bibliotbeb. Darmstadt. 

Germany : Senatskommission fiir die Reichs- und auswilrtigen Angelegenheiten, 
Hamburg. 

Germany : Foreign Office, Bremen. 

Guatemala : Secretary of tlie Government. Guatemala. 

Honduras : Secretary of tbe Government. Tegucigalpa. 

Jamaica : Colonial Secretary. Kingston. 

Malta : Lieutenant-Governor. Yaletta. 

Newfoundland : Colonial Secretary. St. John’s. 

New Brunswick : Legislative Library. St. John. 

Natal : Colonial Governor. Pietermaritzburg. 

Nicaragua : Superintendente de Arcbivos Nacionales. Managua. 

Nova Scotia : Legislative Library, Halifax. 

Northwest Territories : Government Library, Regina. 

Orange River Colony : Government Librar.v. Bloemfontein. 

Prince Edward Island : Legislative Librar.v. Charlottetown. 

Paraguay : Oflcina General de Informaciones y Canjes y Commisaria General 
de Inmigracion, .Vsuncion. 

Roumania : Academia Romana, Bukharest. 

Salvador : Ministerio de Relacione.s E.xteriores. San Salvador. 

Straits Settlements ; Colonial Secretary. Singapore. 

Siam : Foreign Office, Bangkok. 

As new countries are constantly being added, tbe partial sets for the depos- 
itories designated under the last re.solution are not forwarded simultaneously 
with those originally provided, but are delivered to the Institution from the 
Library of Congress and are dispatched with the next succeeding consign- 
ments of miscellaneous exchanges to the respective countries in which the 
depositories are situated. 

The agencies in those countries which are supported at the expense of the 
Smithsonian Institution are represented by Messrs. tVilliain Wesley & Son in 
London. Mr. Joseph von KilrOsy in Budapest, and Mr. Karl W. Iliersemauu 
in Leipzig. 

To those efficient representatives who aid the Institution in promoting the 
interests of the Exchange Service, both at home and abroad, and to Mr. 
Charles A. King, deputy collector of the port of New York, grateful acknowl- 
edgments are extended. 

Respectfully submitted. 

P. W. Hodge, Acting Curator 

Mr. S. P. L.vngley. 

Secretary Smithsonian Institution. 
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REPORT OP THE SUPERINTENDENT OF THE NATIONAL ZOOLOGICAL 

PARK. 

Sir : I have the honor to submit the following report relating to the condition 
and operation of the Nationai Zoological Pai’k for the fiscal year ending June 
.30, 100.O. 

Xcir fvr iiiuDuitals . — The iirincipal work that has been prosecuted during 

tile year for tiie advanceiueut of tlie pai'k has been that upon tiie new house for 
inaminais. The structur.ii ironwork was coinjileted about December 1. 1004. and 
the tiie roof was finished about May I. lOO.'). Tiiis roof was ornamented by 
terra-cotta finiais after models ilesigned by Mrs. Kemey.s. A large conduit for 
heating and ventilating purposes was constructed under the long axis of the 
building. The amount exiiended from the ai>iiroi>riation for the year will reach 
about .$10,000. As the building is situated near the edge of a steep declivity, a 
heavy fill of earth suiiported liy a retaining wall will lie required on the eastern 
side in order to accommodate tiie nect'ssary cages and walks. The ])lastering of 
this building, tiie interior and exterior cages, and the woodwork still remain to 
be done. It is hoped to occupy the building during the coming winter. Con- 
siderable delays oci-ur from tiie ditticulty of getting suitalile mechanics for the 
work. 

Tcmporarn hiril house. — To accommodate the birds kept during tiie summer 
in the large flying cage, as well as those received from the St. I.ouis Exposition, 
two additions were made to this Imilding. A large indoor cage was fitted up 
for quail, thrushes. c;irdinals, etc., and .another for finclies and other small 
species, the latter communicating with an outdoor cage. Yards were con- 
structed for the uortli African and Somali ostriches received from the Presi- 
dent, and concrete floors were constructed for several of tiie larger indoor 
cages. The total cost of the alterations and extensions was about .$l,2tX1. 

Carnivora house. — .V new lioiler for the heating apparatus was put in with 
satisfactory results. Consideralile repairs were made to the metal roof, and the 
ironwork of the outside cages was thoroughly cleaned and repainted, all at a 
cost of aliout .$S(Hi. 

Tcmporurii hear eaijes. — .Vs funds were wanting for the construction of the 
Iiermanent dens designed for tiie collection of bears, the small ca.ges in which 
those animals are now confined were rearranged so as to give bettor facilities 
for drainage. Drains were laid, gutters constriu-ted, and screens iflanted. 

Inclosurcs for hurroicing roilrnt.'i. — The inclosures heretofore used for this 
purpose at the park have hitherto not been satisfactory, being badly located 
and permitting tiie escaiie of the animals. Two new inclosures tliat have proved 
very satisfactorj- have lieeu made during the year. One of these, for prairie 
dogs, was formed liy excavating the earth to a deiitii of 44 feet, paving and 
grouting the liottom, and then filling in with gravelly earth. .Vnother. for 
woodchucks, was not excavated so deeiily and was closed at the bottom with 
telford pavement. Tiie cost of tiie two inclosures was aliout .'S.'inp. 

Repair.^ to inrt(/.^urr.s . — Jlost of the inclosures in tlu' jiark are made by wire 
fencing, whicli has now been in u.se from five to eight years. In tiie course of 

ti7 
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this time the wire has become seriously weakened by rust In spite of all 
efforts made for its preservation, A general reconstruction of the fences and 
I)addocks will soon be necessary. During the year considerable repairs have 
been given to the fences inclosing the deer and the yak, and an additional in- 
closure and shelter has been made for deer. 

Public comfort rooms . — The park is still deficient in suitable public comfort 
rooms for tlie accommodation of the public, especially for women and children, 
and this is especially felt on holidays, when the park is crowded. On Easter 
Mondaj* thousands of children, with their parents and nurses, remain at the 
park nearly all day, and the accommodations are wholly insufficient. During 
the past year tlie rooms for women have been more than doubled, but they are 
still too small. A building is badly needed in which a public comfort room 
and restaurant could be combined. 

Scats aud benches . — During the past year a special clause for the purchase 
of seats was inserted in the act making general appropriations for the park. 
One hundred and sixty movable seats and .‘id stationary benches were made 
and distributed throughout the park at points where they may be convenient 
for the public. 

Coniferous trees . — The park received during the year an important gift of 
coniferous trees from Mr. Lowell .M. Palmer, of Stamford. C’onn. These com- 
prise some thousands of si>ecimens of different species. The.v will be planted 
in appropriate situations, and it is believed that they will eventually greatly 
add to the natural beauty of tlie park. 

Xetc surrey and inuti . — The map which was prepared early in the history of 
the park has gradually become almost useless because of the numerous altera- 
tions that have been made. More accurate and abundant detail was also 
required in order that work might lie always effectively planned. B’or this 
reason a new survey n as made aud a map prepared of the most important part 
of the ]>ark, covering about 40 acres. This map shows all trees, shrubbery, 
water and sewer pipes, and every detail of configuration iiracticable to express 
on its scale, which is oO feet to the inch. Such a survey should be extended to 
the entire park. 

hnportunt accessions . — The following animals wei-e received by gift: 

From the President: One zebra, t lion, 2 gelada balloons, 1 north African 
ostrich, 1 Somali ostrich (from the King of Abyssinia). 1 female .iaguar (from 
E. ri. Plumacher. .Vmerican consul at JIaracaibo. 'i'enezuela ) , also several small 
mammals, an eagle, etc. 

From E. H. Plumacher, American consul. Maracaibo. Venezuela : Twenty-two 
specimens, including a .^ oung jaguar, 2 ocelots, 2 monkeys, 2 rough foxes, several 
parrots, etc. 

From the Hon. H. G. Squiers. envoy extraordinary and minister plenipoten- 
tiary to Cuba: Eight specimens, including 3 Cuban deer and a hawk-bill turtle. 
. From Admiral liobley D. Evans. U. S. Nav.v: One Philippine deer. 

There were procured for the park by Dr. F. W. Goding, American consul at 
Newcastle, New South Wales : Fifteen specimens, including .'5 imngaroos. 1 
female Tasmanian devil (to complete pair). 1 male Tasmanian wolf (to com- 
plete pair). 2 lirush turke.vs. 2 .\u.stralian cranes, and some smaller birds. 

From .1. N. Uuffin, American consul at Asuncion, Paraguay : One youn»- iaguar 
2 capybaras. 2 coypus. and a king vulture. 

By exchange there were received from New York Zoological Park : One llama 
1 mandrill baboon, t hornbill, 2 crowned cranes. 

From the Zoological Garden at Buenos Ayre.s, Argentine Republic: One pair 
guanacos, t pair peccaries, 1 hairy armadillo. ] female rhea (to complete pair), 
1 pair upland geese, 1 crested screamer. 2 rufous tinamou. 
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It has been found extremely difficult to make satisfactory arrangements for 
transportation from distant South American ports. The steamship companies 
refuse to receive animals without prepayment of transportation charges, which 
in the case of the United States Government is impracticable. Certain ship- 
ments of animals from Buenos Ayres are now waiting until some satisfactory 
adjustment can be made. 

Through exchange with the New Zealand government (arranged by the 
I’resident and mentioned in 1904 reix)rt) 8 roe deer were received. Ten 
elk, a number of birds, and several small mammals were delivered to the rep- 
resentatives of the New Zealand government in February and are understood 
to have reached their destination safely. The elk were desired for propagating 
purposes. 

Births. — The births, 1.94 in number, included 1 American bison, 7 elk. 4 mule 
deer, 2 Columbian black-tailed deer, 3 Virginia deer, 2 fallow deer, 2 Barbary 
sheep, 1 Brazilian tapir. 23 blue foxes, 7 dingo, 9 gray wolves, several kanga- 
roos, ^-arious rodents, etc. ; also about 30 young of night heron and other birds 
which ne.sted iu the flying cage. The wild turkeys which were hatched in the 
spring of 1904 have run at large, and 6, together with the hen, still remain in 
the park. 

Dcath.'t. — Gastro-intestinal troubles was the chief cause of death of animals 
and included 2 young jaguars and several other cats, 2 Tasmanian zebra wolves, 
a Rocky Jlountain sheep, a cassowary, several flamingos, and various other 
birds and small mammals. A number of blue fo.xes were lost from uncinaria 
and two from ascaris canis. 

Deaths from tuberculosis, though less in number, included more large ani- 
mals. among those lost being 1 bison cow. 1 nilghai, 1 red deer. 7 roe deer, 2 
elk. and 4 monkeys. The majority of these animals had recently come into 
the collection and were undoubtedly affected with the disease when received. 
Three monkeys were lost from osteomalacia, or " cage paralysis,” and a tinamou 
from pulmonary aspergillosis. 

Two elk and 1 prong-horn anielope were lost from accident, due in the latter 
case to fright. 

Autopsies were made as heretofore by the pathologists of the Bureau of 
Animal Industry, either at the i>ark. iu the case of large animals, or at the 
laboratory of the Bureau in the case of the smaller kinds. 

Read just incut of houndarics. — An item was again submitted in the estimates 
for .?60,000 to purchase the land between the park and the new highways estab- 
lished along the eastern and western sides of the park. (Public -Vet, April 28, 
1904, “ For the opening of connecting highways on the east aud west sides of 
the Zoological Park, District of Columbia.”) No action was taken by Con- 
gress. 

E.i-hit)it at the Louisiana Purchase E.rposition. — This was successfully main- 
tained throughout the season with comparatively little loss. Two kee[)ers were 
employed during the summer and autninn. The exhibit closed about the middle 
of November on account of cold weather, the birds being removed and trans- 
ferred to the National Zoological Park. The cage was purchased by the city 
of St. Louis at its appraised value. 

Personnel. — The lived force of the park numbers about 82 persons, of whom 
8 are assigned to the administration, 29 to the care of animals, 20 to the mechan- 
ical department, IS to the care of grounds, and 7 to the watch. Considerable 
difficulty has been found in obtaining suitable men for positions of keepers of 
animals. To be effective in this duty it is necessary to be ijuick, active, always 
alert, neither timorous nor venturesome, and to have a natural aptitude for 
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cJeanliness. These are qualities that are cousulerahly beyond what is required 
of a eoinmoii lal)orer. 

The keepers are divided into three classes receiving compensation as follows : 


Per month. 

First class ^O.l. 00 

Second class (52. 50 

Third class 60.00 


These men allege that their service is extra hazardous, that they are usualiy 
required to work on Sundays and holidays, and that since the cost of living has 
advanced considerably of recent years some advance should be made in their 
wages. 

Hosoititl and tahoratory . — At present the jtark has no adequate provision for 
the care of sick animais nor for the quarantining of those believed to he af- 
fected with contagious or infectious diseases. When ill the animals remain in 
the exhibition cages, their sufferings being displayed to the puldic. and enhanced 
by the disturbance which necessarily goes on about them, or, if removed from 
their cages, they are placed in unsuitable (|u:irters where they are subject to 
annoyance and far from comfortable. Several cases of contagious disease have 
been rapidly propagated to several animals for want of means of promptly 
isolating the first suspected case. There is need for a suitable building placed 
in a secluded part of the grounds where animals can be properly isolated and 
treated. 

Connected with this there should be a laboratory in which proper examina- 
tion can he made of the pathological and amitomical material that may come to 
hand. But very little is known concerning the diseases that affect wild animals 
and the parasites that associate themselves with them. An extension of our 
knowledge in this direction would undoubtedly be of benefit to those who are 
studying the diseases of man. 

In other countries the most significant scientific function of collections of 
living animals has been the advancement of knowledge with regard to the 
structure, habits, and activities of animals. Nearly all such knowledge has 
been derived from zoological collections of a character similar to that of the 
National Zoolo.gicaI Park. For example, in the Jardin des Plantes at Paris, 
investigations have been carried on since the middle of the eighteenth century 
by men who aehioved, in this wa.v. a world-wide fame, such as Duverney. 
Daubenton, Bnffon. Cuvier, (teoffroy St. Hilaire, and .Alilne Edwards: in the 
garden of the Zoological Society of I.ondon worked Owen, Flower. Huxley, 
Sclater. Beddard, and many otliers; the garden at Berlin afforded Hartmann 
material for his work on anthropoid apes, and it was .-it the Amsterdam garden 
that Fiirhringer was aide to prei)are Ids monumental work on the structure of 
birds. The collections of tlie National Zoological Park sliould be utilized in 
a similar way. 

It is tlionght that a modest liospitaJ and laboratorj-, similar to the one recent!}’ 
established at the zoological garden in Philadelphia, can lie built and equipped 
at a cost of .aliout .fS.IMMt, At the New York Zoological I’ark an institution of 
this kind is about to lie erected wliicli will probably cost considerably more. 

RrnnU and pdthx . — Tlie park is much frequented liy <-arri;iges. Eying, as 
it does, along tlie valley of liock Creek, it affords the most conveiiieut and plea.s- 
ant access to tlie Bock f reeic Park that lies north of it, and ilie main driveway 
in that park conmiiinicates directly with the principal road in the National 
Zoological Park. On this account it is of e.special advantage to the public that 
the roadways in the National Zoological Park should always he in good con- 
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dition. This is not easy, as the descent into the vailey of the creek is so abrupt 
that the surface of the roads and walks is washed away at every heavy rain. 
Considerable damage of this kind is done every year, and this entails a constant 
expense for the repair of the roads and walks. Sonie of the walks on the 
steeper slopes should he laid in concrete, which, altliough more expensive, would 
be eheaj)er in the end. 

The portion of the t)ark about the Quarry road entrance is in very bad con- 
dition, owing to the fact that the roads and grades exterior to the park have 
been recently changed and tliat no iieruiauenc improvements can be made 
within tlie park until tlie exterior clmnges are completed. It is hoped that 
sufficient funds may be appropriated to peruiit the park to take up the work 
effectively and place all the roads and walks in a suitable condition. 

Shade trees and forestry. — Owing to the pressure of other matters, but little 
attention lias been paid to the natural forest in the park. This should, however, 
be carefully gone over and properly thinned and iireserved, as it is one of the 
principal attractions sought by tlie public. The trees planted for the shade of 
the walks and seats are not at present sufficient, and considerable additional 
planting should lie done. It is liighly desirable tliat this should he accomplished 
as soon as iiossible, as the trees would increase in beauty and size yeai’ by year. 

Schools, etc., visitiny the yark. — Since Octolier l.l, 1004, a record has been 
kept of the various schools and other organizations visiting the park. Up to 
June 30, 1005, tliere were 05 classes from normal and other schools, including 
0 from out of town, with 1,551 pmiils; T classes from Sunday schools, including 
2 from out of town, witli 481 pupils ; and 20 miscellaneous organizations, 
including 4 from out of town, with 505 persons. 

.\iiinials in the collection. 


Mammals-. 

Birds 

Beptiles . . , 

Total 


Intlige- 

nous 

Foreign. 

Domesti- 

cated 

Total. 

:i:i 

173 


562 


1 218 

52 1 

636 

o.> 

' U 


109 

7S'> 

, m 

120 

1,:507 


Acccssio)iS linring the year. 

Presented 90 

Purchased and collected 223 

Lent . 6 

Received in exchange 37 

Born in National Zoological Park 134 

Received from exhibit at lAUiisiana Purchase Exposition 128 


Cost for purchase, collection, and transportation of above, $3,100. 
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Animals presented during the fiscal year ending June 30, 1905. 


Name. 


Donor, 


N umber. 


Rhesus monkey Miss Justine In^ersoll, New Haven, Conn. 

Pig-tailed monkey - do. 

GeLada baboon ' The President - 

Spider monkey E H Pluinacher, United States eonsul. Maracaibo, Vene- 

zuela. 

Capuchin do — 

Lion ' The President--- ' 

Cougar. F. C Hill, Cananea, Mexi^'o.. 

Jaguar - E. H. Plnmaeher. United States consul. Maracaibo. Vene- 
zuela. j 

Ocelot-. - do I 

Six.>tted lyn-x ' Sam Mustain. f'arbo. Me.vic4» i 

Bough fox - E H Pluniacher. United States <'onsiil,Maracaibr>. Vene- 

zuela 

Kinkajou Dr. David T Day, Washington, D. C 

Gray coati-nmndi George P Gall. Washington, D C^.. 

Racco<»n The President ' 

Do T. W. Edwards, Leesburg. Va , 

Do Mrs. C. J, Wilcoxen. Frederick, Md 

Do J D J O’Conmn*. Washington. D (‘ ' 

Harbor seal Bureau of Fisheries exhibit at the Lmiisiana Purchase 

Exp<.)sition. 

Somali zebra The President 

Philippine deer Rear-Admiral R D. Evans, U. S Navy 

Cuban deer Hon. H. O S<iuiers. envoy extraordinary and iniiuster 

plenij>oteutiary to Cuba. Habana. Cuba. 

Common goat Mrs. Theodore Roosevelt, the White Hou.«'e 

Siberian hamster Mr*. E N Fell, Nareoos.see. Fla ' 

Hutia-conga Hon H. G S<iuiers. envoy extraordinary and minister i 

plenipotentiary to Cuba, Habana, Cuba | 

Common opossum The President 

Canary Miss Emma C^Kik. Washington. D. C 

Albino crow Prof H A Surface. Harris>*urg. Pa 

Keel-billed toucan E. H Plnmaeher, United State,', eousiil. Maracaibo, Ven- 

zuela. 

Yellow-shouldered amazon do - 

Blue-fronted amazon Samuel Ross. Wa-hingtoii, D. ( ' 

Sulphur-ereste<l cockatoo. . F, S. Tyler, Washington. D C 

Barn owl E. S, Schmid. Wa.slungton. D C 

Do George R Molxudy. Frederick, Md 

Barred owl Adam S Richter, Accident. Md 

Do - No (> Engine Co , Washington. D (’ 

Screech owl ... Prof. H A. Surface. Harrisburg. Pa 

Golden eagle The President , 

Sparrow hawk Mi-ss Beryl Macauley, Washington. D 

Venezuelan hawk E H Plnmaeher. United States consul. Maracaibo. Vene 


zuela. 

Red-tailed hawk Mr Wehrle, Indiana, Pa • 

Black vulture E. H Plnmaeher, United States ctuisul, Maracaibo. Vene- 

I zuela 

Daubenton's eurussow .do , . 

Junglefowl N. R Wood, Washington. D (J 

Euroi)ean quail. - Dr R A. Ralph. Washington, D C 

Little blue heron Nathan Droneuburg, Washington. D C... 

North African ostrich The President 

Somali ostrich do 
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Animals presented durino the fiscal year ending June 30, 1905 — Continued. 


Xame 


Donor. 


Number. 


Alligator. G. H. Howard. 'WasMngton. D. C - 

Do ilr:^ IVIcCallan. Wa*«hmgtoii. D C’ 

Mexican tortoise E O Matlu*w>, Parml. Mexico 

Gopher turtle Dr A. K. Fislu*r. Washington. D. C 

Hawksbill turtle Hon H. G Squiers envor extraordinary and minister 

plenipotentiary to Cuba. Habana. Cuba 

Iguana E H Plnmaeher. United States consul, Maracaibo, Vene- 

zuela. 

Comb lizard H<.n. H. G S(iuier^, envoy extraordinary and minister 

plenii>otentiary to Cuba, Habana. Cuba 

Cuban lizard do._ 

Banded rattlesnake - Win H Benton, Washington, D. C. 

Common boa E. H Plmnachcr. United States consul. Maracaibo, Vene- 

zuela 

Cuban tree b< )a Hon H G S<iuiers. onvf»y extraordinary and minister 

plenipotentmiy to Cuba. Haltana, Cuba. 

Bull snake Jas Fullerton. Red Lodge. Mont 

Black snake do 

Do D B Wheeler. Wa.sliingtoii, D. C 

Do C H Roeder, Sligo, Md 

SUMMARY. 


1 

5 

2 

1 

1 


1 

1 

1 

'S 

1 

1 

1 

1 

1 


Number 


Animals on hand July 1. 19(U 1.111 

Accessions during the year hl8 

Total . .. 1,729 

Deduct lu&s ( by exchange, death, and return. ng td j.nimaUi 422 

(jn hand June :ju. liXJj l.::iOT 


Respectfully submitted. 

Fr.vnk Baker, Superintendent. 

Mr. S. P. Langley, 

Secretary Smithsonian Institution. 
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Appendix V. 


KEPOUT OP THE OPERATIONS OF THE ASTROPHYSICAL OBSERVA- 
TORY FOR THE YEAR ENDING JUNE 30, lOOo. 

Sir: Tlie e<iuipiiient of tbe Astropliysical Observatory is now vnlnod as 


I'ollows : 

BuiUIiiiKS ^ _ _ _ __ $7, -loo 

A])paratvis , . 4~t. 300 

Library and recnr;L _ _ ___ _ ___ 7.200 


During tbe year three wooden sbelters, covering, respectively, tbe cielostat. 
tbe long focus concave mirror, and tbe bolograpbic outfit for observing tbe solar 
image, have been erect(‘d at a cost of ST, 130. Tins item is chargeable to the 
appropriation for tbe fiscal year ending .Tune 30. 1904. Tbe fence around theOb- 
.servatory lot has been reuew(>d at a cost of .So.jL. By permission of the park 
authorities tbe Oliservatory inclosure was at tbe same time enlarged on the 
east and south, and now contains 15.3 (hI square feet. 

Apparatus chiefly for use in a jiroposed o.xpedition to a high altitude observ- 
ing station has been procured at a cost of .'^3.Sd2, Of this sum. .'S2..j27 is 
chargeable to tbe aptiropriation for tbe fiscal year ending .Tune 30. 1004. Usual 
periodicals have been continued, a few books of reference have been purchased, 
and about 1T4 volumes have been collated and bound, at a total cost of S309. 

No losses of lU'opcrty be.vond usual wear and tear have occurred during the 
year. 

Chinii/rs in jirr.<«iniirl. — In tbe latter half of 10o4 r>r. :4. A. Mitchell was em- 
ployed three months as temporary assistant on stellar radiation e.vperimeuts. 

Richard Norris resigned March 31. lOo.T. 

By request of the Chief of tbe Weather Bureau Mr. II. II. Kimball was 
nssi.gned to tbe Observatory temporarily foi» a period beginning May 1, lOO.T, 
in order that he might learn the methods of holographic observation employed 
here. 

Mr. L. R. Ingersoll was enga.ged for three months, beginning May 10. 190.3, as 
temporary assistant fur the Mount Wilson e.xpedition. 

Joseph Dwyer, messenger, was engaged April 1. 190.1. 

WORK OF TOE OU.SERV-VroRY. 

For convenience I descrilte tbe work of tbe Obseiu'ator.v under the followin.g 
headings : 

(1) Observations at Washin,gton on the variability of tbe sun. 

(2) Miscellaneous work. 

(31 Expedition to Mount Wilson in Califonda. 

(1) oHsriw vj'ic.x.s \T w.vsiii.NOTo.N ON Tuii v.uti.riui. [T\ or rnr: sex 

As indicated in .vour paper. “On a possible variation of tbe solar radia- 
tion,”" and summarized in my last .vear's report, our observations of several 
years, Imt especially of the year 1!»03. have tended to produce the belief that 
the total radiation of the sun may vary in comparatively brief periods, these 
variations of solar radiation being irregular in period, lint tolerably frequent 

« Astrophysieal .Tournal. June, 1904. and London, Edinburg, and Dublin 
Philosophical Magazine, July, 1904. 
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and large eiionch tn produce C()iisidernl)le changes of the eartli’s mean 
temperature. 

During the j)ast year the work of the Ob.servatory has been chietly directed 
toward testing the supposed varialiility of tile sun and increasing onr knowl- 
edge of it. As I have said in niy last report, this investigation has three main 
bram-lies as follows : 

First. Tile determination of tlie iiuonsity and variation of the total solar 
radiation re.acliing tlie outer limit of onr atinospliere. Second, tlie examination 
of the distriliution of solar radiation over the sun's disk for tlie tnirpose of 
detecting changes of absoi'idion in the solar envelope. Third, the reduction 
of temperature measurements from nnnierous meteorological stations to note 
departures of the temtierature of the earth from its mean. 

Ot'iici'iil c'k'II' of tin: irsidl'^ lhii\ fur olitiiiiiiil .lincr Jim inn ii. lUni. 

lloforo reiiorting fully this year's work T give in the accompanying chart. 
Plate V. a gener.il view of the results of I he last two and a half years 
touching this question. 'I'hree series of observations are represented in the 
chart, namely : 

-V. Average deiiartnres from mean temiierature for rS!l stations distrilmted 
over the North Temiierate Zone, represented by the full line at the top of the 
diagram. 

R The transmission of the solar enveloiio for radiations of wave len,gth 
U.oPg " ( green t. as computed from s[iecrroboloin(>trie observations of the sun's 
disk at ■Washington, represented by the line at the miildle of the diagram. 

('. The sedar radiation outside the earth's atniosiiliere as i-omputed from 
speetrobidometric observations at Washington, reiiresented by the lower line of 
till' diagr.im. 

As the observations of tyiie P. and earlier ones of type (’ are frequently 
seiiarated liy Imig intervals of time, the lines eonnei-tiug the imints should not 
bo intorpretoil as necessarily indicating the intervening values of tlu* quantity 
observed. 

Observations of the solar constant taken in Washington are seldom of a satis- 
factory character, owing to the .scarcity of days whmi uniform transparency of 
the atmos])heri' jiersists for the several hours re.piireil for the determinations. 
Accordingly only a few of the observ.ations of tyiie (' are eutithsl to .great 
weight, and these are designated in the diagram by the letter (t to denote it. 
Observations of good char.actei'. but le^s satisfactory th.an these first, are desig- 
nated by INI. denoting medium weight. .V still less perfect class, to which, un- 
htrtunately. most of the observations of P.iPd and IPO-I lielon.g, is designated by 
the letter F. signife ing of little weight. Some observations still less satisfactory 
than these I have omitted from the di.agram as desemviug no weight at all. 

Considering now the diagr.am it will be seen that early in tlie yrair there 
was .a loii.g-coutinned ]ieriod of abnormally high terrestrial temiierature. and 
this was followed by a still longer period of a.bnorm.ally low temperature. Cor- 
responding well with this siaie id' affairs are the observations of total solar 
radiation, and these oiisoiw .'.tions are fortunately idmost all of great, or at least 
medium, weight. In September. 190:l. a single observ.ation of the transmission 
of the solar envelope w.as madi'. and this, coinp.ired with others ef more rei-ent 
date, is low. indicating that diminished transparency of the solar envelope was 
the ]irobable reason Im- the sm.dl .miminf of i-adiation and low temjierature 
observed at the s.mie time. 

In till* yt"ii‘ lliol there w.is no long-eontinut‘d period bt alaioi’mal teiajieraturi’ 

‘i Uesults of a similar li’cnd are obtaineil for all wa\e lengths, and this wave 
length is chosen merely in illustration. 
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departure reiiiparable -with those noted in 19(Xi. !^o far as there ^Yere notalile 

variations from the mean in the temperature of tlie North Temperate Zone, 
these oceurred in .January and February, and in October and Novoiuber of 1904. 
On the « h(.le. these departures are confinuatoi’y of the indications of tlie spec- 
tro-I)()lonietric determinations of totai radiation for tlie same periods, but tliese 
results, mvin;; to scarcity of .irood weafher. are lameiitably inadequate. Still. 
a_ medium-weight oliservatiou of .June indicates average temperature and is 
tbilowed liy it: a tirst-class oliservation of Oetolier 5 indicate.s higli temperature 
and is followed by it, and a medium-weight oltservation of October 2-’. indicating 
low temper.iture. is followed by it. Prior to December there are only two 
cliservatiims of solar transmission, of wliich the first, a high value, comes just 
at the end of a period of high temperature, while the second, a low value, in 
Noveinlier, comes just preceding a short period of low temperature. In Decem- 
ber higher values are found and liigher temperatures follow. 

The temperature departures of tlie first half of liiii,") also present no such 
tavm'able opportunity for comparison witli solar radiation phenomena as was 
jiresi'iiti'd in 1902. The data on total solar radiation have not been full.v re- 
duced as yet, so that they a'piiear still more meager than in former years, and 
more so than they will after all returns are in. F>ut the weather seldoni per- 
mitted satisfactory solar constant determinations at Washington in the first 
half of I9n."i. Those observations here given fall in fairly well, as will bo 
seen, with the record of temiierature de|iartures. Observations of the solar 
transmission have been made very frciiuently since Dei ember. 19n4, and are as 
a rule nearly aierage values and indicative of average temperatnres, and tints 
in accord with the facts for the Nortli Temperate Zone, increasing values in 
Decenilier and .January and diminishing ones in I-''elirnary and in .Vpril and 
M.iy liavo their counterparts in tlie temperature curve for the Nortli Temperate 
Zone. Tile temporarily lower \ allies in June find no counterpart in the tem- 
peratures of the North Temperate Zone, hut a fall of remper.atnre may possilily 
tie sliown early in July. 

Taking all the facts together we find liigh values of solar radiation and solar 
transmission iireceding and aecomiianying higli temperatures of the North 
Temperate Zone; low values of solar radiation and solar transmission preced- 
ing and ai'coinpanying low temjieratures of tlie North Temperate Zone, and 
intermediate values of these solar iilienomeiia accompanying intermediate ter- 
restrial temperature.:. Tlie evidence at hand is still too fragmentary to ]iro- 
(iiice full conviction, hut sulijt'Cf to later continuation or rejection, as further 
work sli.ill pruvo. the results obtained tiiiis far strongly indic.ite that the 
transiiareiicy of the solar envelope varies at irregular intervals, witii conse- 
ijuenr tiuetuations of tlie solar radiation transmitted to the earth, and that 
this in turn affects the mean temperature of tlie earth. 

Oh.srrnitioiis of /.'lo /-.7. 

(.1) Sohir roiinUint irorjc. — Determinations of tlie radiation reaching the 
eartli's surface, both in toto and for separate wave lengths, have been ni.ide 
at all limes when conditions iiermitted. and liave boon reduced as in im-iuer 
years to givi* the traiisinissioii of our atmosiihere. and the total radiation 
re.iching its outer limit. ,fs above stated the nuiiioer of days when the sky 

h. is l•onlinned siitisfactorily uniform for this jniriio.so have been few. and besides 
owing to the press of obsorving .ind l•olnIlUting work it has not liccu iiossihle 
to coiuputi' all Ihc results as yet. so that on both uci omits the tables wdiicli 
billow arc more 111, in usually meager. Table 1 gi\es in contimiation of similar 

i. ibics III |ii'c( ciliiig ri'iioi'ts the transmission of tlio atmosphere at various wave 
lengths for vertical niys. 
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'I'.MU i' 1. — f’dcflirU ut'i ijf (il iiiitxitlirri<‘ fniii.'.ini'i'tiitii fur rildiflliuii fi'oiii z< JiiUi 

XII II. 
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Tlio niPiin results will be found to lie extremely nenv tlie enrrespondinct ones 
for tile ,\eiir liio.'l— 1, so tlint no fnrtlier diseiission of them seems neeessnry. 

In Table 2 are -dven the values computed for the solar constant of radiation 
ontside (Air atmosidiere, in continuation of the series I'Ulilislied in former years. 
Tlie method of eompntation and tlie a.ssumptions on wliicli it is liased liavo been 
}.iven in prei-edin;; re[iorts and are sul»tantially those employed liy you many 
years ago at Allegheny. 


T.vrir.E 2. — Vtdin’s of thr .vijar coiixtiiiit of railiiitioii oiit'iiilc the eiiith'x atniux- 
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'I’lio of tlio of tlio <iI)'^orv:uii)ii i-^ uuhTp r-]iiofly by in-ipfftioii 

(if 11i<‘ l(i:;aritliuii<- jjIhIs iisoil in (Intcnnininu lli'“ ntiiii'vplu'i-ii- 1 1 ' 
siinilnr to those iiui'lishoil )',H'ni:r li;i;;e M> ol' \oiir report for the .tear ('udiii;; 
June db, I'Jb.'l. (Ju an exeeilent day the oliservatioiis Unis plotted, like tliose 
.iiist referred to. lie close to representative straight lines, imt sueli da.vs are 
unfortunately very rare in W'asliiuitton. and I'speeiallv within the last two 
years, owins in part to huildiint nml other opi-ratioiis produi in.a smoky and non- 
uniform atmospheric <-onditions 'The hearinit of the results triven in Table 2 
on the question of the variabilit.v of the sun has already boeii "iven. 

T’efore leavin,!.' the subjeet of sol.ar eonslant observations it ma.v well be 
remarked that ilr. Fowle has luiblisiied within the ye ir a valuable paper itir- 
ing a comparison between the sular constant values deduced b,\' the method ot 
homogeneous ra.vs and those ileilin ed for the same da.vs li.v tlie old mi'thod of 
high and low sun observations of the tot.il radiation of die sun b.v the 
aetinometer alone." This old method, the luetliod of I’ouillet. gives nei-i'ssaril.v 
too low results, as you long ;i,go demonstrated '' 

What is valuable in ilr. Fowle's paper is that he shows that the defect is 
tdmost constant at Washington, no matter what the time of tlu' rear, the trans- 
parency of the air, or tin- humidity, la-oviiled the extrapolation is made with 
moderate solar zenith distances. 'ITiiis if obsertations be made in Washington 
with the aetinometer alone and e.xrraiMdated hy the aid ot a logarithmic plot 
to tile limits of the atiiiosplierc. ami a correction of l-l )ier eonr is tlien added, 
the result will he iiraetii-ally tlie saiim as if the spectroholometric inetliod 
had lu'cn used. If adititional nmasureineiits should l■onlil■m this result ( fliat 
r constant differeme hetween tlie two melliods liolds hore and at other locali- 
ties). tlien the firoi es' cd' detecting \ ariatioiis in solar railiation outside our 
atinosidiere would he iiiu'di e.asier. for it couhl ho madi- to depend on aetinometer 
measures alone, and. indei'd. old series of oh^ervalioiis made .vears ago could 
be utilized. 

I give in illU'ti'ation the following taMe, taken in ]i,irt Irom .Mr. Fowle's 
pajier aliuve cited, showing how closely sul.ir (oiistaiiT values d<-ilueed from 
liyrhelionieter measures -ilone, hy tlie .ii.plic-.atioii of the U jior rout eorrei tiou, 
rgi'eo with \ allies deduced u hen possil,],. from speetrolcoloinerrie woric of the 
same da.vs. 

'I'rrni. 2a. — f-'nlar < mi'ildiit idhi' s fioui jiiii lirtiumrl i-ii. 
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“F. E. Fowle, Smithsonian ilisccllaueous Collections, vol. 47, p. 
6 8. P. Langley, .\nieriean .Tonriial of Science (.'!), XX^T^, n 


.190, 1905. 
Ibil, l.S,S4. 



BEPORT OP THE SECRETARY. 


79 


TA]!i.i. 2A.--s<jhir <•'111x111111 I'litiK'x irniii iiiiihcJioiiK'tnj — Contiuiwil. 
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] { 2.0 

1-io 

750 

2 25 

Good 


September 

1 4-:i 0 


loti 

•t •>•> 

Poor 


( )ft()ber 4 . . _ . . 

1 7 :i 

120 

US 

2 17 

....do 


0( tober .") 

15 2 7 

145 

710 

2 

Very good . 2 52 

Extvllent 

Oc'tuber 

1 oji 0 

o«« 

>05 

2 (.10 

Fair r Of 

Good 

^sovember bi 

2 0 -j s 

005 

S02 

I 05 

Very jirood 1 OS 

Pa'-salde. 


2 12 0 

0»VN 

S.V) 

2 24 

do 


I'.K 

January :2() 

... i 0-2 4 

o*i7 

>7)7 

2 U7 

Excellent 


FiJiruarvT 

1 S-2 4 

007 

soo 

2 12 

Very ^'ood . 2 04 

Good. 

March :i 

1 1'.-g ii 

OSS 

slo 

2 -.r-i 

Poor 


April I'J 

1 2 2 0 

ls4 

702 

2 17 

Pa?*sablt' 



... 1 2-2 1 

112 

772 

2 21 



May 

1 :i-:; 11 

151 

700 

2 

Exfcllont 



1 ;{-2 0 

111 

774 

2 00 

Fair 


!May :2ii 

1 :'-I 1, 

lo5 

7s5 

2 14 

poor 


Jun»‘ ... . 

1 1-2 2 

12S 

745 

> •>> 

do .... 2 is 

Indifferent 

June :2:2 

I 1-2 0 

(KM> 

S02 

2 17 

Very good 


Juii.f :2r 

! i-l 5 

140 

724 

2 2S 

Pot.r 



(Ill Tnnixuiixxitiii of thr xolor ciirrloiic . — As stated above the apiiaratus fur 
e.xamiuiiii; the solar iuia"e has been i)iovulei.l with appropriate shelters, and 
IS now nuieli ini|iroved over its eondition last ,vear. Tlie jrreat C'oelostat was 
(•xhibited at St. bonis in P.»(.i4. and is a substitute a siualler euelostat was 
arr.iu^ed at the ( lliservatory shop. 'I'he larirer ooelostat was not returned from 
St. Louis until .Taiiuar.v. I'.in.'i. and. in tlie press of jirep.iratiou for the Mount 
Wilson e.vpeditiou. time (.-ouid not well be spared to set it up. so tliat the smaller 
iiistruiuent has served throu,L'hout the je.ir. Many measurements, botli of the 
distribution of radiation alonii the diameter of the solar disk and of its distri- 
bution in sun spots, have Iks'ii made .ifter the manner explained last year." .V 
revision has been made of .ill the data obtained relatini; to the distribution along 
a diameter, on the assum|itions (1 i that we study a phenomenon of absorption 
only ; i L’ i oc curring in a homogeneous nu'diuin situated outside the photosphere, 
and (bj extending to M jier cent of the solar radius. 

'With these assuiuplioiis it ajipears that tlie form of tlie distribution curves as 
shown in Plate t ill of last year's report a.gree witliin the experimental error 
with that dediu ed from the ordinar.v simple exponential absorption formula. 
-Vs this foimul.i in a logarithmic form is peculiarly adapted to graphical illus- 
trations and comparison of results, all the measurements have been reduced on 
the abo\e basis and the re.sults to be given below in Table b depend on it. It 
goes without saying that the assumptions made are not harmonious with our 
conceptions of the sun's absorbing envelope, and they are only made for want 
of better and for the sole purpose of more readily comparing the results of dif- 


0 Smithsonian Report for 1904, p. 85. 
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lei-ent d.nys. This arbitrarv method of reduction is necessary, for differences 
of atmospheric transparency and differences of solar distance make a direct 
comparison of one olisorvatioiial curve nitli another complicated and nusatis- 
factory. 

Plate VI sho\ys two of the solar curves plotted with abscissa' as air-masses 
derived on the above assumptions, and ordinates as the logarithmic defiectiirns. 

The general absorption of the solar envelope ajipears to be like that of the 
earth's atmosphere, greatest at the violet end of the spectrum. This is shown, 
and also some of the changes which have been noted in the apiiarent solar trans- 
mission. in Table d. 

In this table the numbers pmiiort to U'present the iieiventagc transmission of 
the solar envelope for vertical rays, on different days, and for various rays 
between wave lengths p.Ik in the violet, and 2 . 0/1 in the infra-red. The results 
are based on the assumptions stated aiiove, and a considerable difference will be 
noted from the corresponding tabic of last year, owing to a change in the 
assumed thickness of the alisorbing cm elope. 

Tai'.li: d. — Ti itiiiiiii.fxiiiit of xohir cofclopc. 


■Wavelength o.4h 0.45 0 50 o o TO o .so o ^ HKi ].:i0 J 

Date Coertitoviits fur verta-al traiisimissiion 


im. 


September 25 . ... 


!.► 445 ! 

0. 495 

U 585 

0. •vi5 

0. 675 

0 Too 

0 715 

0 74)) 

0 790 

0 K-H) 

1904. 












February 20 


.510 1 

.5ti0 


. 6‘.K) 

7:10 

7.51 

710 

800 

. 8;iij 

1,850) 

November IT 


. HOC 

495 

.555 

625 

( 66 O 1 






November 2s 






69 

71 

73 

76 

.8(1 

835 







. 695 






December H 


4T5 ■ 

. 525 

»ii'».5 . 


. ^00 

72.5 

745 

770 1 

.SJd 

840 

Deceml>er 29 


.4T5 

.5:i.> 

1.600' 

h55 

6)90 





SW 

191.15 












January 14 


1 

545 

. 625 

.6S0 

-TlU ' 

7:>5 

.75J 

1 1 5 

( 8( )i5 1 

840 

January IT 



540 

.620 

.l»T0 

705 

TJi 

745 

77U 

( 8: '5 ' 

840 

Januarj' 20 



540 

.620 

670 

■ TfCt 

7:10 

745 

770 

( 805. 

840 

Februarv T 


4T5 

5:40 

.610 

1 (155 

. 618.5 

.Till 

.720 



- - ... 

February 14 

iO 415i 

4T5 

510 

1 6l0t 


6*95 

.720 

1 7401 


1.810 

.840 

Februarv 10 






. 695 





840 

Februarv I?' 

45i> 

480 

.510 

1 6l0j 

. im 

. 6t)5 

715 

1 r.'K) 



. 840 

March 2.-- 


JN) 

:>ii» 









/March 16 


4>0 

.5:jo 

<;n5 

.660 

.690 

710 

7;io 

.760 

. 79.5 

. 8:10 

March IH 


4sO 


6<r> 

660 

. r.l») 

71" 


760 

7'.V> 

.8-30 

March 26 


4S0 

.530 

♦505 


6i)0 

710 

7;io 

7)«.) 

. 795 

.830 

March 31 


480 

.510 

6<J5 

66<J 

♦UK) 

.710 

. 7:10 

7m 

. 795 

. 8.30 

April 15 



, .525 

605 

6.5) 

.<hN) 



1 



April 25 


465 

.510 

605 

(mO 

6.S0 






May 2 

4.S ' 

4T5 

.525 

605 

^ . tl.55 

.690 






Mav 20 

48-' 

4T5 

>25 

.liOO 

6.55 

.6l«0 

710 

7:10 

760 

.800 

830 

June 8 

.. _ .450 


,5fl> 









June 9 

450 

4i»»> 

.51.0 

.6**0 

6T0 

710 

725 

. 740 

. 7(15 

.810 

845 

June IT 


l 4fM. 










June 19 



510 

.590 

640 

670 

70!» 

720 

. 7.>.5 

. 795 

8:10 

June 22- 



.515 

.590 

640 







Ju:.e2T 



.525 


140 








June 
June 29. 
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Tlip holonietric pxaiiiinatioii <if sun spots shows that they, too. pxhil)it iiiupli 
.Ui'eator :il)S(>i'ption at tlu‘ violont oiid <il' f Iio spo<-tfuiii tlian in tlic iiifra-rod. Thus, 
if oiii' pye wore like tlie lioloiiieter. ;iml eoukl view sim siiuts by homoireiieuus 
la.vs of (liffereut wave leu^tiis of the iufra-red as well as violet, we should see 
the same spot four times as dark iu violet light as when viewed by extreme 
iufra-red rays. 

In all the observations and reduetions involved in the work described above 
Jlr. Fowle has taken by far the greatest share. 

The temperature data plotted iu Plate V are reduced from the luteruatioualer 
Dekadeuberichte, published by the Kaiserliehe Marine Dentsehe Seewarte. The 
reductions were made partly by R. Norris and partly liy .1. Dwyer. 

ICf MISCKLL.CNEOt S WOEK. 

of thr stars. 

Preliminary preparations were made for the deteetion of the radiation of 
the lirighter stars. It was .at first thought iiracticahle to mount the bolometer 
iu the center of the tube of the .ad-eeiitimeter diameter mirror of 1-meter focus 
and to point the mirror directly upon the star to be examined, but it was 
(luiekly found that the disturbances due to eximsure to outside air were too 
great to be iiermissible with the refined sensitiveness of the bolometric appa- 
ratus. Afterwards the mirror and bolometer were placed within the inner' 
chamber of the (jbservatory, and the starlight was relleeted in from a iJO-inch 
])lane mirror on the coelostat. 'I'he galvanometer emiiloyed was the one de- 
scribed at pages 111-1)2 of .vour report for the year ending .Tune 30. 1002. 

The sensitiveness available depends lar.gely on rotUicing the damping of the 
needle, and a long time was siient in making the galvanometer case air-tight, 
so that a pressure of 1 looo atmosphere or less could bo maintained without 
rapid change. Iu this we were at length so successful that the change of 
pressure was hardly apiirecialile in several months, (treat <littirulty was en- 
countered in balancing the iiolometric apparatus .at the high sensitivenoss em- 
ployed on account of small electromotive forces in the galvanometer eireuit 
iiiid its shunts. Thus a balance uaudd be obt.ained with a certain shunt across 
the galvanometer, and on p.assing to the next shunt a very great detlection wotdd 
be found, due to a new electnauotive force iu the new shunt circuit. At length 
it proved necessary to discard shunts wholly, .-ind to employ instead a v.ariable 
resistance in series with the .galv.anoineter. Creat dillleulty was still ex- 
perienced in balancing, but not so great as to render it impossible, as before. 
When once balanced the a]>paratus was well behaved. The sensitiveness ap- 
peared from tests on <-andle Haines to be very mm-h greater than that obtained 
by previous experimenters on steilar radiation. Unfortunately the ditliculties 
encountered were not surmounted until early in .lanuary. and bad weather jire- 
vented a trial on the stars until more imiiortant work di.siilaced the inve.sti- 
gation for the lu'esent. 

y<'ic tiiipai atiis. 

Bolometer .' — In our previous construction of bolometers we have been .guided 
more by experience than by any theory in their design. Whiie preparing for 
the research on stellar variation it seemed very desirable to determine the 
conditions which would insure the highest sensitiveness. Accordingly the 
subject was studied from the standpoint of Fourier's analytical theory of heat, 
and numerous experiments were made to further enlighten it. As a result a 
complete theory of bolometer coustructiou was reached, and it is now possible 
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lu kiiiiw in aihancn Ikiw to design and <-i)nstni( t a linlipinctnr tn tlic be^t 

result under stateil ccniditinns. 

In accordance with tlie. results thus reaclied. a vacuum liolonieter was con- 
structed for the oliservation of stellar heat which is several times as sensi- 
tive for the jini'iiose as the l)est hohnnoter hitherto [ireiiared hero. 

CuUistut. — A new endostat with two l.j-iiich mirrors was obtained for the 
Iiroposed (‘xpedition to a high-altitude station. The general design was pre- 
pared at the Observatory, and the coii.structioii was liy Mr. M. E. Kahler. of 
Washington, exceiiting some work done on the clock at the Ol)servatory shop. 
A photograph of the aii]>aratus as in use at iMount WilsiJii is here shown 
(Plate VII I . 

Several unusual features maj- be noted. The rotating mirror is shown 
mounted on a carriage which may travel on ways either east and west or 
north and south, so as to lie ad.jusfed for the position of the sun at any 
time in the year. The carriage is of tin- same height as the lower base of 
the support of the second mirror, and the two mirrors may be interchanged 
if desireil, so that the rotating one can lie ti.ved in one place and the east- 
and-west and north-and-south motions can be made with the other. The 
driving clock is fastened to the support of the jiolar a.xis and designed to run 
eiiually W(>11 in any position, so that the ad.iustment of the axis for dift’erent 
latitudes can lie made without altering the driving mechanism. In order to 
conform to tlie motion of tlm carriage, the clock is driven by springs instead of 
weights. At your suggestion there was introduceil a driving siiring. which 
is itself kept wound to a nearl.v constant tension by two larger siirings. Thus 
the driving fori e is uniform though the two larger siirings run down. The rate 
of their unwinding is goxerned by an exapeineut driven from ‘the governor 
train. The governor itself is of tlu' centrifugal type, but has springs instead 
of gravity .as the governing lone, and will thus run in ,iny position. The 
accuracy of the (lick is ample, so that the retiecied iieain 1 roni the cielosiat 
freiinently remains constant in dire, tion within one minute of arc for a half 
hour. 

Stiiiiiliinl iiiirhrliomrfi'i-. — Mention was made in my last year's report of a 
new form of pyrheliomett r then under < onstruclion. This instrument has 
been comiileted and forms a part of tie' oi|ni| ment of llie Mount Wilson expe- 
dition. It appears to .justify all tbe hopes that had been eonnoeteu vyith it. 
As stated last year, it receives sol.ir r.iys in a hollow id.iikened iliandier of tlie 
sliape of a test tniie, fi'iiin wldi li little radiation can escape liy rellectien, or 
heat iiy eonveetioii. owing to the deepness of tile i lianilier and to ds' ninnerons 
blackened diaiiliragnis. .V current of water einulatis around tliis eiiainlier 
and takes up tlie heat absorbed on its walls I’latimnn resistance wires serve 
to determine tlie temperature of the water betore and alter Its passage around 
the ehainlier. Tims the studs ra.vs entering a known aperture prodnee a 
measnralih' rise of temperature in a known amount of water. certain cheek 
is had on tlie aecnrae.v of the nieasuremeiit. lor a coil of wire is introduced 
witliin tlie rear end of tin' eh.iinlier. and in this eoii lie.it may lie ]ir(idueed 
eleetrieall.x at a known late This heat w inns the air and indireetly reaches 
tlie walls of the ehainlier, and may he measured as if if were prodneed tiy 
radiation. 

At nine recent trials made on several ditferent days, witii the instrument in 
different imsitions and with different rates of flow of the water current, the 
heat “ found" ran lietween tiT per eent and Iiti per cent of th.-' heat intro- 
duced. Tile menu of nine trials gave lOO.T per cent " found.'’ If, then, the 
electrically supplied heat is thus closely tneasnrnble, much more should that 
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of tlip sun 1 k‘. wliicli is .•ili'-orbpil :it oiicp oil llio walls of tlio cli.iiiibor iiisload 
of iiidiri'rtly liy air eon\-ootioii. 

The instrument is mouiited oiuialoriady and driven liy eloekwork. and (be 
rate of flow of tlie water current, lapse of time and teinperalure ebanpre 
caused b.\ radiation, are all recorded iiliot im'.tlildeally on a moving drum, 
lienee a eontinuons automalie record of the solar radiation is itroduced. In 
u.se at Jlouiit W'ilson it is not easy to avoid eonsidera.ble teni]jeraturp ebange 
of tbe apparatus, and tbi,^ eausts .i slight “drift" of the record, but not 
enough to iirevent runs of several hours' duration without attention. 

A eonsideralile (lart of liie apiiaraliis for the eoiitimious pyrlieliometer was 
made by tbe International Instrument Comiiau.v. of ( 'anibi'idge. JIass. The 
more refined jiarts for the receipt and measurement of tbe radiation were 
constructed by Mr. Kramer at the Observatory shop. In this, and in a great 
amount of other work during the year, Jlr. Kramer has combined skill with 
rare willin, guess and interest in a nay which deseiaes eommeudatiou. 

CP Tin: rxriaurioN -ni Moi ,\t wu.son, i.v e.iLiruiiNiA 

From tbe very lieginniiig. in 10 p 2, of experiments in Washington on tbe meas- 
urement of the solar constant of rmliation it has Iioen .vour aim to continue 
these measurements at a more favorable situation as regards i-louduiess. and 
partieulai'l.v as regtirds elevation. You long ago showed that in optical nuality 
the lower air is far inferior to that lying above, ami yon have reiieatedl.v stated 
your eouviction tlint ex.aet determinations of the absorption of the atmosphere 
tire impossible at sttitions near sett level. Congress having aiiproved of your 
plan to roiiduet the.so ohservation.s ;tt high altitudes, aiiptinitns has been col- 
lected during tlm iitist three .tetirs for tin expedition to a favorable sttition for 
the nietisiiroment of tin' solttr etmsttint. 

In the metintime the Carnegie Institution had lieen founded, and by- invita- 
tion of one of its ortieers you stated, in ti eommuuieation to the lion. C. I). 
Walcott, diited Fehriiary 2.S, l!l(r_>, your belief th.it the establishment by the 
Carnegie Institution of an ohservtirory to he siiutited tit smiie high tuid cloud- 
less point tuid eiigiiged for tit least a complete suu-s|)ot cycle in the acenrate 
determ iimtioii of the solar I'onstanr of r.idiatiou would he a worth.v tislroiiom- 
ical uudertakiu.g and one most likely, in .voiir judgment, to yield results of vtilue 
both from the staudiioinl of pure seieiieo and from tliat of ]ir;ietieal utilit.v 
to mankind. 

lu 1!K)4 the Carnegie Institution began the ostahlishmeiit of a solar observa- 
tory on Mount Wilson, in Ctilifornia. under tlie direction of l“rof. (I. K. Hale, 
and the olijoet.s of this ohservator.v iiielude the mea.suiemeid of sobir radiation, 
which yon had urged. .Vlmost immeilintely tiftef the installtitioii tit ilonut 
AVihson had been liegun. I’rofessor Hale, reco.gnizing tlie itirge share yon htive 
had from the first in promoting the esttihiishmeur of sm-h an observatory, and 
knowittg of the prepartitions making at the Smithsonian .Vstro])hysieal (Iliserva- 
tory for an extiedition to a high sttit'oii to observe the solar constant, invited 
.von to send this expedition to Jlonnt Wil.son. and iironiised all possible eooiiera- 
tion during its stay, and .sng.gpsted that tlie work wenld. if desirable, lie taken 
up by the new solar observatory when the Smithsonian expedition should he 
withdrawn. This invitation was ttei-eiitod. The eipiiiiinent. consisting of a full 
speetro-bolographie and pyrlieliometric outfit, the eipial tuid in some respects 
tbe superior of that installed in AVasbington. was sent forwaril in .April. lOO.A, 
The observers, C. G. Abbot in ebarge, and L. R. Ingersoll. temporary assistant, 
reached the ground about May 10. Two shelters for tbe spectro-bolometer and 
the continuous pyrlieliometer. respeetively, already framed in the valley below. 
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were inmiedl.ilely eri‘ete<l eii Hniint WiKon, ainl were lini-^liod, iiiehidiurr all 
their inei> and an essurie'^. in about two weeks. 'I'iu* s]»eetro-l)oloinet(‘r was 
(.onipletel.\ imlalled. and the lirst ludiarraiilin ohseiw.itions \\ ere made .June ii. 
I'M 

In the ineaniinie ohseiw .itious ii.-nl been ni.ade nearly e\ery day with the mer- 
tury iJ\ rhelionieter. and tlie^e had uiven iironiise of jrreat transparene.v and 
unil'onnitv of -.ky rroni the t-t of .Tune hardly .a elond was ever seen above 
the level of the horizon for inan.v weeks. Extraordinary ealnmess adds to the 
advantaiyes of this site. .\ few of the earliest holographs wt'ro nieasured at 
once to see if all aii|ieared to be well, and, as the measurements turned out very 
satisfaetorily. bolegr.iphie work was continued nearly every day thereafter, 
leaving the reduction of the olisorvatioiis to a later time. 

Investigations at Washin.gtoii. as alread.v ro[Mirted. have given strong grounds 
for the eouelusioii that the solar radiation varies cousiderabl.v and frequentlj' 
in its amount. It would be most desirable if the Mount tVilson expedition 
eoiild give ample oii|iortnnily to test this conclusion, but in spite of the too 
short time .it iiresent eomniand it has been thoiiglit best by you to initiate it, and 
at the same time to stnil.i more i-losely the manner of the solar variability. To 
this end tlie work includes, not onl.v solar-constant nieasurmnents, hut other 
studies designed to add to our knowledge of the w'hole ipu'stion. 

Tile e.\|iediliou is niider tlie .irreatest obligations for tlie eontinued aid fur- 
nislied Iw tile director and staff of tlie Carnegie Solar fHiservatory. The results 
olitained will doulitlcss form a xil'incipal part of iioxt tear's report. 

STM .M \ltV. 

The principal olgcct of the Observatoiw during the past year has continued 
lo lie tile nieasiiremeiit of the solar radiation. The work of this and the two 
preceding tears strongly supports the \ iew th.it tlie radiation of the sun is 
freiiuentl.v diiiiiiii~lied and niigniented for periods of a few weeks or nionths. 
in l•ous(■l|tlcnce of a varialiilit.v of tlio transp.ireiicy of the solar absorbing en- 
velope. and that lliis variation of radiation causes and iiuickly produces 
( lianges of several degi'ees in Tlie mean temiier.ttnre of tin' laud areas of the 
earth. It is hoped that ihe stud.v of the solar radiation will soon prove a lal- 
ualiie aid in forei astuig eliinate. 

Important additions ami iniiirovements have lieen made in the eiiuipuieiit of 
the Observatory, liotli in biiildiims and app.iratns. 'I’lie new ap]iaratns inelndes 
a standard pyrlieliometer. e.iiialile of coiitinuoiisiy I'egistering the .solar I'adia- 
tion and protided with means of eeri if.\ ing ilie exaetnc's of its measures inde- 
]iendently of the Theory of tlie instrninenl. 

An expedition To measnro and Test tlie vari.alnlity of s<jlar radiation has 
been sent to Minnit Wilson, in Southern California. 

Itesiieelful\ sulimitted. 

C. G. AiiiJOT, 

Aid Artii)<i in Vhai'fje. 

Mr. S. 1’. -C.TXi.LFV. 

Si <-)'i tm ij Siiiithioiihiii Iniitituiiun, Washinytoii. D. C. 
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RETORT OF THE EIDRARIAX. 

Sir; I h:n'e the honor to ]n*esent The followiiiir report on the ojierntions of the 
libniry of the Siiiithsonian Institution for the tiscal year emliiig June oO, 1005: 

The pultlicalioiis received by the Institutioit and re('<»rde(l in the aecessiou 
books of the Smithsonian deposit. Library of Conu:ress. nnnilior as follows: 


Volumo^ 

Parts of volume" 

Pamphlets 

Chart" 

Total 


Quaitonr Uctav'ior 
larjrer smaller. 


Total 


l.'S'.Ki ]Ju:> 

r).:ibr s.r,i:> -.USTM 

:>4.') a.siT) t.:r>o 

iJTti 

:io..’)S() 


The nccossirin luiiiihors run from -h;n;'',77— IhSOSi;. 

As ill the past a few of the-e i>ul>lhMtions were retained at t)ie Iii'<titiitioii for 
the n^e of tlio seientitic sttlT. hut tin* larger miiiiher liave been sent liireet to the 
Library of Congress. The entire seiiiltn.gs from the liisiitutien I’eijuireil tlie use 
of about 274 boxes, wliich it is ('stimateil eoiitaiuiMl the eiiuivaleiir of lu.Oho 
(>etavo volumes. This I'sSimate does not inelude. lioweter. a large numlier of 
liuhlie doeumeuts iireseutod to the Smithsonian lusritution and sent direct to 
the Library of Congress without rei-ording. 

At the clcise of tlie year ending .lime Mo. ino-i. tlicre remained in the Museum 
lihrari' a number of The seientitic .scries, together with iiooks and iianiithlets <ni 
.special suh.iects, liebrnging to the Smithsonian di-posit. to lie witlidrawn. checked, 
and sent to the Library of Congress, tliese imhlicalioiis hating been held at the 
Museum when that Library was overcrowded in its old iiu.irters at the Caiiitol. 
tVhile 7.so.‘i parts wen' transmitted durin,g tlie past year, it lias not been pos- 
sible to comidete the checking, owing to the fact that the tune of the small force 
in the Smithsonian library uas ftill.v occu|)ied with current work, Imt ever.v effort 
will be made to tinish the t-islr before the close of tlu' present ,\ear. wlu*n all of 
the series of periodicals and luildicatlons licloiiging to the deposit, with the 
exception of those in actual use. will be in the hands of the Librarian of 
Con.gress. 

The hbraries of tlie Secretary. Ollice. and .Vstrophe sical Observatory have 
received during the year 41S volumes, pami'hlcts and charts, and 2,ii4(i [larts 
of volunu's. making a total of 2.4.T.S. and .1 gr.iiul total, im-luding books for the 
Smithsonian de|posit and Ih(> Walts do I’eystcr collection .Xapolcoii Honaparte, 
of .■!.■!,, S2( 1 , 

The iKirts of serial pulilications th.ii were entered 1 n tlie c.iiil catalogue 
numbered TU.DOO. One thous.ind se\cn hundred ami ihut.\-li\c slips ILr i one 
pletcd Volumes were m.nle. and about 72u cards for now pci iciiio.iK aiid an 
nuals were added to the iicfiiiaiicnt record from the iierindic.il rcc.irdi ig .Icsk. 

s> 
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Iiinusnral dissertations and academio iniblication-- ^YeI•e i-e<-eivod from uni- 
versities at the followin;; lilaces: 


Ann Arbor. 
Baltimore l.TuIms 
kins). 

Basel. 

Berlin. 

Bern. 

Bonn. 

Breslau. 


Erlangen. 

Hop- Freiburg. 

Giesseii. 

tiiefswalil. 

Halle. 

Heidelberg. 

Kiel. 

Lawrence i Kansas ) . 


Marburg. 

Philadelphia (I'niversity 
of Pennsylvania i . 
Eosfock 
Stra.ssburg. 

TouloU'C. 

Ahinchester ( England ) . 
Zurich. 


In continuing tlie Secretary's plan to erfeet new excliaiiges and to secure 
missing parts to i ojnplete 'cts, l.dOd letters were written, .’Uil new periodicals 
were added t<i tiie receipts, and .“i-iT defective senes w('re p.-irtly or entirely 
eomploted. In addition to the letters above rererre<l to there were IT.I postal 
cards .seni asknig for enrrent miiabers tb.-ir failed to reach the Institution, 
wliieli resnlteil In to;! Iieing received. 

'I’lie seientitir- statf and others have eontiniied to consult the proceedings and 
trausaetioiis of the le.iriieil suvietii’s in the reference riaiiii. .and from the read- 
in.g I'ooin 21 hound volnmes of iieriodic.als were witlnli'awn and -l.hiiS scientific 
periodicals and magazines were Irorrowed for eoiisullalion. 

The sectional lilrraries maintained in tire institution. Tlie Seeretaiw's lilirar.v, 
Olliee library, ami tlie Eiiipio.r ees's iilirary. togetlier wiili tliose of llie Astro- 
jihysieal Oiiservatory, Aerodrmnies. Inieriiational L.\i-liangi-s. and Law Refor- 
enco, liave lieen used Iw jiersoiis from rlie otlier seieiirilie imreaus of tlie (Jov- 
criiineiit. as well as iiieiubers of the immediate staff. 

In file Secretary's and (tliic<' iilirary mi liook^ were lionnd. and special at- 
tention was gheii to collating tlie [iiililicntioiis in tlie Astroph.t sical Ciliserva- 
tury. witli Tlie result tli.it 1 l.'s eoiniileted volumes were hound at tlio CJovermneiit 
liiiidery. At Tlie N.itioiial Zoological I’ark .S volumes have been added to the 
library by purchase, 

1 III-. C.MITOYI.I.'S I inu.Miv. 


The poimlarity of the Eniployi-e's library 1ms conTinned. and during tlie year 
.'’.,2ii2 books Were hi ii'row I'd. The new I'ooks added to the liliraiw by piirehaso 
iiumbeivd I!l. and IS eompleled volumes of nnigazines were boimd. The send- 
ing of about 40 of The books from This librarv to the National Zoological l“ark 
and 20 to the Huri'au of American Ktluiolog.v each mouth has been eoiitiiined 
with marked appreeiaTioii from The two bureaus. 


Till: \\.srKi?>s i.mu.viiv, 

AViTliin the last few months tlie trustees of the ('state of the kite Dr. ,1. 
Elfreth Watkins have turned over to the .'Siiiitb.soiiian Institution his larg(' and 
valualile lihr.iry eoiisistiiir: in the main of books relating to emrinoeriiig and 
trausiiortatioii. A book iilati lias lieeii jirovided .ind tia' liooks listed, and it is 
liopial tliaf they may soon lie availalile for tile iisi' of Tliose interested in tile 
sulijeet to wliicli fli(.w n'late 


iin .Tonx iiox-xrii smuh Ttia;\i;v. 

'I'liroiiudi tlie immilii eiice of I'apl. .lolm Doniieii Smith, of [‘..iliiniore. tlio 
hiir.iri I'i the Smillisonlan Timtitiirion iris lieennie enrii lied 1>\ liis colleetion 

of liolanical worl,s. nuiiilicnnc aliiuil l.iiiiii \oliinies, eniifainiiig I hearing 

upon the liora of tro]iie,il .\nieriea, larcfiilly sdccp.ii siilist,imiall,\ and 
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artistifnlly bonnd. This don.Ttion was niiide in connection with the sift to the 
Justitntiou of his herhiirium, ;ind brings to the Xatiouul yiusouin. whore the 
library will be deposited, an unrivaled basis of eiinipnient for tlie iirosecutiuu of 
a eoniplele botanical exploration of Central America and a critical study of its 
whole bora. 

WAITS DK PEYSII-K tOlXEClIOX AWPOLLOX 15LT )N Al’AlJ i E. 

It is very gratifying to re|>ort the rapid increase of the Watts do Peyster 
( dlleetion Xapoleon I’.uonaparte through the continued gifts of Cen. .Tohn Watts 
de Peyster. The additions during the year numliered l.TT-'i volumes and l.ObT 
maps. 

TX I F.r.-V-V riOXAI. CAT.tl.Ol.t t. OK SCIKXTinc T TTF.R-VrrRK. 

The Institution has cnntiiuu'd to ait as the rcpresontatii in the T niti'd 
States for the International Catalogue of Scientitic Literature, and has indexed 
and elassilied for llie Central Hureau al London the scientitic litera'turo of the 
Cnited States. During tiie p.ist year the number of references sent to the 
Central Pureau at I.oiidon was 2L1S2. an increase of nearly three thousand 


over the iirevions year, as follows: 

Literature of Itiiil . __ __ __ 1. bib 

Literature of lOo'J . — -■ 

i.iterature ol ... 11.143 

I.itorature of 1004 . .... — — — -- -- - .S, 040 


Total . - 24. 1S2 


All of till' Tlrst annual issue of the Internal ioiial Caralogne has bei n published, 
together with all of the siA'oud amuial issue. i .xec'ptiug thi‘ \oluniO ol Zoology 
and five A'oluiiies of tlie tliird .uinual i-sue. namely. .Mathematics. Meehanies, 
Physies. Astrunuiuy. and ILieteriolo.gy. 

.\H Sl.l. .\1 IIiaiAUV. 

In flip Museum litirai’y there are now 24.1To l.ound volumes and .3s.04;-! nn- 
liouiid papers. 4'lie additions during the year consisted of 3. .173 hooks. 3.04S 
liamphlets. and ."lOM ]i\rts of volumes Tliere were latalogued l.'.».'(2 books, of 
wliieli 101 belonged to tlio Siuitbsoiiiau deiiosit. and 3.T7 m ii.uiiiililets. of wbieli 
bS.') belonged to the Smitli'ouiaii deposit, and 12.20! parts of iieriodieals. of 
whieb 1.301) belougeil to tlie Sinithsoniau deposit. In the aoeessiou liook ;>.oT3 
colunic's. 3.0-1, S liamphlets, and .■>03 parts of volumes were recorded. The num- 
ber of cards added to the author’s e;itaIogue was .■|.‘.)4-_>, whieb does not iiielude 
b4T cards for books ;iud paiuiiblets reeataloguod 

In < onneetiou with the entering of periodicals .■>.■> memoranda were made 
rei«,rting volumes and p.irts missing in the sets, together with a few titles of 
publications that wore not represented in the library. The result of this 
work was ilie eoinpl.'ting or tiartly tilling nji of '23 sets of ]ieriodieals. 

Tbronglioni tile w Hole \enr atlention lias lieeii giiim to the iireparatioii of 
lolnuies tor Iiindiiig, wirli the rosnif that L-’lTl books wero lioniid, and at the 
i lose of the year there were seieral hundred more ready for thi‘ tiindei. 

Tilt' number of Ix-oks. ii.impbiets. and periodicals borrowed from tlie general 
lilirary amoniiteil to lo.luo. im-lnding !).I!I2 w lin b were assigned to the soe- 
tional liliraries. 



ss 


BEPOKT or TIIE SECKETAKY. 


There luis been lint one adtlitimi to the !<eftional libiaries ei^tablished in the 
Museum, that of the Divi.siou of Physical Anthropology, and the complete list 
now stanils ns follows : 


Administration. 
Administrative assistant. 
Anthrppology. 

Biology. 

Birds. 

Botany. 

Children's room. 
Comparative anatomy. 
Editor. 

Ethnology. 

Fishes. 


(tenlogj’. 

Histi iry. 

Insects. 

Mammals. 

Marine invertehrates. 
Materia mi dica. 
Me.sozoic fo'sils. 
Mineralogy. 
MollnsksT 

Oriental ari ha'i ih igy . 
Paleobotany. 


Parasites. 

Phot( igraxihy. 

Physical anthroxtology. 
Prehistoric arclneoh igy. 
Reptiles. 

.Stratigra] ifiic jialeonti il- 
ogy. 

Siiiierinteudent, 

Taxidermy. 

Tee hill ill Igy. 


In the following table are summarized all the aceessinns during the ye.nr for 
the ISiiutlisoniaii deposit, for the libraries or the Secretary. Otlice, Astropbysical 
Obsrvatory, Pinted States National Museiini. and N'.itional Zoological Park. 
That of the Bureau of American Ethnology is not included, as it is se[iaratoly 
administered : 


Siuitlisonian deposit in Library of Congress dO. o8(l 

Secretary, Olliee, and Astrophysical Observatory libraries _ 2. 1 .18 

Watts do Peystor collectiou Napoleon Buon.ip.irte . _ 2,782 

United States National Museum library _ 7, 184 

National Zoological Park 8 


Tot.ii - 4;;, 012 

Respectfull} submitted. 

Cyris Anr.FR, Lihniriiiii 

Mr. S. P L.iMiiKV. 

SCI rcUn y o/ the Siiiitliiioiii'iii I m^tilulUja. 



Appendix YII. 

ItEPOKT OF THE EDITOK. 

Sib : I have tlie honor to sulmiit the followins report on the publications of 
the Sinithsouiau Institution and its bureaus duriun the year ending June 30, 
1905 ; 

I. COXTRIBUTIOXS TO KNOWLEDon. 

To the series of Contributions Imt one memoir has lieen added during the 
past year — 

1G51. A Continuous liecord of Atmospheric Xucleation. By Carl Barns. 
City of Wasliington ; Pulilislied li.v tlie Smithsonian Institution, 1905. Hodgkins 
fund. Part of Vul. XXXIV. Quarto, tin press.) 

ir. s.\[iTiisoM-\.\ Misi i'.i,r,.vNEoi s coi.i.hc rio.Ns. 

To the series of Miscellaneous Collections tlie following nunihers have been 
added, all hut four of them having api'eareil in the Quarterly Issue; 

ld-14. A Catalogue of North -Vinerican Diptera (or Two-winged Flies). By 
J. M. Aldrich. City of Washington ; 1‘uhlished by the Smithsonian Institution. 
1905. Part of Vol. XLVI. 8vo. Pa.gcs 1 -(l,sO. 

1543. Index to the Literature of Calliuin. 1.874-1903. By Philip E. Browning. 
City of Washington: Published by the Smithsonian Institution. I’art of Vol. 
XLVI. 8vo. Pages 1-12. 

1,544. Index to the Literature of (Jerinanium. CSsit-P.M.ij. By Philip E. Brown- 
ing. City of Washington : I’uhlished by the Smithsonian Institution. Part of 
Vol. XLA'I. Svo. I’ages 1-8. 

1.549 Ini'iniry into the Population of China. By WillKim Woodville Bockhill. 
Iteprinted from Smithsonian Miscellaneous Collections t (luarterly Issue), Vol. 
XLVri. Pages 3P3-321. 

15-50. The Seeds of Aueimites. By Dai id White. Iteprinted from Smith- 
sonian iliscellaneous Collections (<)uarterly Issue), Vol. XLVII. Pa,ges :!22- 
331. plates xevii. xi.iiir. 

1.551. Birds in Vroeg's Catalogue. 1704. By C. Davies Sherhorn and Charles 
W. Richmond. Reprinted from Smithsonian Jlisi-ellaneous Collections (Quar- 
terly Issue). Vol. XLVII. I’ages 332— :’>47. 

l."52. Th(' Sculpin and its Il.-thits. By Theodore (.till. Reiirinted from Smith- 
sonian Miscellaneous Collections (Quarterly Is.suei. Vol. XL\TI. Pages 348- 
3.59. plate xi.ix. 

1.5.53. Rei(ort on the Construction of a Vowel Drgan. By E. W. Scripture. 
Rcfirinted from Smithsonian 5[iseellaneons Collections ((Quarterly Is>ue), I'ol. 
XLVII. I’ages 3(;9-3(;4. 5 figures. 

15.54. Ilahits and Life History of the Social Spider. By X'. S. .Tamhunathan. 
Reprinted from Smithsonian Jliscellaneous Collections I (Quarterly Issue). Vol. 
XLVII. I’ages 3);.5-373. id.-ite i. 

1.5.55. Description of a new Sylvietta. By H. C. OherhoLer. Reprinted from 
Sndth.sonian Jliscellaueous Collections (Quarterly Issue), Vol. XLVII. I’ages 
373—37-5. 
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15otJ. The Tugda, or Rice Planter, of the Coyiiiios. Philippine Islands. By 
E. Y. Jlillor. Pages 375-377, pl.-ites ni-i-ii. Reprinted from Smithsonian Jlis- 
cellunoous Collections (Quarterly Issue), Vol. XLVH. 

15.57. Fossil I’lants of the Group Cycadofllices. By David White. Reprinted 
from the Smithsonian Jliscellaucous Collections (Quarterly Issue), Vol. XLVH. 
Pages 377-3!)0, jdates i.iv-i,v. 

15d0. The Discrepancy between Solar Radiation Measures by the Aetiuometer 
and by the Spectro-Boloiueter. By F. E. Fowle. jr. Reprinted from Smith- 
sonian Miscellaneous Collections (Quartcrl.v Issue), Vol. XLVH. Pages 309- 
408. 

1501. A Xew Philippine Landshell. By Paul Bartsch. Reprinted from 
Smithsonian Miscellaneous Collections (Quarterly Issue). Vol. XLVH. Pages 
400—410, i)late Lvr. 

1502. A Xew Species of Fern of Genus I’olypodium from .Jamaica. By 
IVilliain R. JIaxou. Reprinted from Smithsonian iMiscellaneous Collections 
(Quarterly Issue l,. Vol. XLVH. 1‘ages 410-411. plate lmi. 

15(i3. Contrilmtions of .\merican .Vrcha-olo.gy hi Human History. By AVilllain 
H. Holmes. Reiu'iuted from Smithsoidau Miscellaneous Collections ((Juarterly 
Issue), Vol. XLVH. Page.s 412-420. 

1504. The Birds of the Genus Cinclus and their Googriiphical Distribution. 
By Leonhard Stejneger. Reprinted from Smithsonian Miscellaneous Collections 
(Quarterly Issue), Vol. XIA’H. Pages 421-4.3n. 

15ti5. De.scription of a X'ew Swiftlet from Mount Kina Bain. Borneo. By 
Charles W. Richmond. Reprinted from Smithsonian Miscellaneous Collections 
(Quarterly Issue). Vol. XLVH. Pa.ges 431-432. 

15i;(!. Reiiort on lamd and W.-iter Shells collected in the Bahamas in 19).)4. 
by Mr. Owen Bryant and others. By William Healey Dali. Reprinted from 
Smithsonian Miscellaneous Collections ((Quarterly Issue), Vol. XLVH. Pages 
43.3-4.52. plates iviit-Lix. 

1.5tJ7. Glacial Studies in the Camnlian Rockies and Selkirks. By JVilliam 
Hittell Shorter. Reiu-inted from Smithsonian Mi.scellaneous Collections (Quar- 
terl.v Issue). Vol. XLVH. I’ages 4.5:!-40);. plates lx-lxh. 

1.5)iS. Photographing on Wood for Photo-engraving. By Thomas W. Smillie. 
Reprinted from Smithsonian Miscellaneous Collections (Quarterly I.ssue), Vol. 
XLVH. Pages 407-490. 

1500. The Life Histor.v of the Angler. By Theodore Gill. Reprinted from 
Smithsonian Miscellaneous C’oliections ((Quarterly Issue). Vol. XLVH. Pages 
o0()-.54G, plates lxxiii-lxxv. 

1571. Index to the Literature of Indium, 1Si:3-10()3. By Philip E. Browning. 
City of Washin,gton : Publisheil by the Smithsonian Institution, 1005. 8 vo. 

I’ages 1-15. 

1575. The Structure <i( IVing Feathers. By E. Jiascha. Hodgkins Fund. 
Reprinted from Smithsonian Mi.scellaneous Collections (Quarterlj’ Issue), Vol. 
XLVHI. Pages 1-30. plates i-xvi. 

1.57(>. The Tarpon and Lady Fish. By Theodore Gill. Reprinted from Smith- 
sonian Mi.scellaneous Collections ((Quarterly Issue), Vol. XLVHI. Pages 31- 
4G, plates xmi-xxi. 

1577. A Fossil Sea Lion from the Miocene of Oregon. By F. True. Re- 
printed from Smithsonian Miscellaneous Collections (Quarterly Issue), Vol. 
XLVHI. Pages 47—10. 

1578. Diatoms, the .Jewels of the Pl.-uit JVorld. By Albert Maim. Reprinted 
from Smithsonian Miscellaneous Collections (Quarterly Issue), Vol. XLVHI 
Pages 5G-.58, idates xxii-xxv. 
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1579. Notes on the Xomenelnture of Certain Genera of Birds. By II. C. 
Oberholser. Keprinted from Sinitbsonian Miscellaneous Collections (Quarterly 
Issue). Vol. XLVIII. 

1.580. The BiblioErrapby of Halley’s Comet. By E. F. McPike. Reprinted 
from Smithsonian Miscellaneous Collectious (Quarterly Is.sue), Yol. XLVIII. 
I’ages ()0-To. 

1581. The Ancestral Origin of the North American Ihiionida\ By C. A. 
White. Reprinted from Smithsonian Miscellaneous Collectious (Quarterly 
Issue), Vol. XLVIII. Pages 80-112. 

1.581. Smithsonian Exploration in 1!X»1 in search of Mammoth and other 
Fossil Remains. By A. G. Maddren. Smithsonian Miscellaneous Collections, 
part of Vol. XLIX. City of IVasbington : Published by the Smithsonian Insti- 
tution, 1905. Pages 1-117, plates t-vi. 

1580. The Diplomatic Service of the United States, with some Hints toward 
its Reform. By Hon. Andrew D. IVhite. Hamilton Lecture. Reprinted from 
Smithsonian Miscellaneous Collections (Quarterly Issue). Vol. XLVIII. Pages 
117-158. 

1.587. The History of the Whale Shark (Rhinodon Typieus Smith). By 
Barton A. Bean. Reprinted from Smithsonian Miscellaneous Collectious 
(Quarterly Issue), V(d. XLVHI. 1‘ages 1:19-14.8, plates xxxiv-xxxvi. 

1588. The Avian Genus Bieda Bonaparte and .some of its Allies. By Harry 
0. Oberholser. Reprinted from Smithsonian Miscellaneous Collections (Quar- 
terly Issue). Vol. XLVIII. Pages 149-172. 

1.589. Sca[ihoceros Tyrelli, an Extinct Ruminant from the Klondike Gravels. 
By Wilfred H. Osgood. Reprinted from Sinithsoni.an Miscellaneous Collections 
(Quarterly Issue), Vol. XLl’III. I’.iges 175-18.5. pl.ites xxx\ii-xlii. 

1.590. A New Genus and several New Species of Landshells collected In 
Central Mexico by Dr. Edward Palmer. By William Healey Dali. Reprinted 
from Smithsonian Miscellaneous Collections (Quarterly Issue), Vol. XLVIII. 
Pages 180-194. plates xi.iit-xi.iv. 

1.591. The Family of Cyprinids .and the C.arp as its Type. By Theodore (iill. 

Reprinted from Smithsonian Miscellaneous Collections (Quarterly Issue). Vol. 
XLVIII. (Ill press.) • * 

1592. The International Catalogue of Scientific Literature. By Cyrus Adler. 
Reprinted from Smithsonian Miscellaneous Collections (Quarterly Issue), Vol. 
XLVIII. (In press.) 

1595. Instances of Hermaphroditism in Crayfishes. By W. P. Hay. Re- 
printed from Smithsonian Miscellaneous Collections (Quarterly Issue), Vol. 
XLVIII. (In press.) 


III. S.MITIISOXIA.X a:<xuai. report. 

The annual report, as usual, is issued in two volumes : Part I being devotetl 
to the Institution i)roper. Part II to the Xational Museum. The contents of 
the Smithsonian volume for 19(i:! were listed in last year's report, although the 
book itself was still in the hands of the printer. Tla- same is here true with 
regard to the volume for 1904. 

1.595. Annual Report of the Board of Regents of the Smithsonian Institution, 
showing the operations, expenditures, and condition of the Institution for the 
year ending .Tune .59. 1994. IVashington : Government Printing Office, 190.5. 
Octavo. Pages i-lxxix, 1-.894: 140 plates. (!2 text figures. 

The Secretary's Rpjiort for the year ending .Iiine :19, 1994. was i)ut in type 
in November, 1904, for the use of the Regents. The General Appendix to 
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tlio voluiue was sent to tlie Piitilic Printer in February. 1905, and bad been put 
into type before the closing of the fiscal year. The contents of the Smithsonian 
Report for 1901 is as follow^: 

1590. Journal of Proceedings of tlie Board of Regents of the Smithsonian 
Institution at lleetings of December S. 190d. and Januaiy 27 and March 7, 
1904. Iteport of Executive Committee. Acts and liesolutions of Congress. 
Pages xv-Lxxix. 

1.j 47. Report of S. P. Langley. Secretary of the Smitlisonian Institution, for 
the year ending June .'!0, lIHil. Pages 1-lO.S. plates i-xiv. 

1597. Experiments with tlie Langley Aerodrome. By S. P. Langley. Pages 
ll.j-125. plate i. 

1.59S. The Relation of Win.g Surface to Weight. By R. Von Leudenfeld. 
Pages 127-190. 

1599. The Runiford Spectrohelio.grapli of the Verkes Observatory. By 
Oeorge E. Hale and Ferdinand Ellcrmau. Pages Rll-IOl, plates i-xvii. 

1000. Construction of Large Telescope I.euses. By Dr. C. Faulhaber. Pages 
l(!:l-170. 

1001. Some Reflections suggested by the Application of Photography to 
■istronomical Research. By H. IT. Turner. I’ages 171-1S4. 

lOOo. Radiation in the Solar System. By Prof. J. H. Poynting. Pages 

18.5-19.-!. 

1009. Condensation Nuclei. By C. T. R. Wilson. Pages 195-200. plates 
[-vin. 

1004. Present I’robleius of Inorganic Chemistry. By Sir William Ramsay. 
Pages 207-220. 

1005. The Evolution of the Scicntilic Investigator. By Simon Newcomb. 
Pages 221-299. 

100(1. Metals in th(‘ Atmosphere. ]!y Alfred Ditto. Pages 295-247. 

l(>o7. Oliservatious on Vision in Brightness and in Obscurity, with a Hypoth- 
esis on the Cause of Color Blindness. By o. Lummer. Pages 24!l-258. 

1098. A I.ightuing Spiral Observed Near Basel. By Fr. Klingelfuss. Pages 
259-209. plates i-ii. 

10(i!». Variations of Specific (Iravity. By <1. W. A. Kahlbaum. Pages 201- 
•jOO. 

1019. Some new Methods of IJghlin.g. By A. Berthier. Pages 207-274, 
plate I. 

Kill. Progress in Wireless Telegraphy. By IVilliam Maver, jr. Pages 275- 
280. 

1012. Electric Welding _Develol>ment. B.v Eliliu Thomson. I’ages 281-285, 
plates i-v. 

101.9. History of Discoveries t)f Photography. By Robert Hunt. (Revised 
by T. W. Smillie.) I’ages 287-998. i)lates i-vii. 

1014. Theories of Ore Deposition Historically Considered. By S. F. Emmons. 
Pa,ges 909-990. 

1015. On Mountains and Mankinil. By Dou.glas W. Freshfield. Pages 397- 
954. 

lOK). Moro< co. By Tiieobald Fisclier. Pa.ges 9.55-972. 

1017. The Work of the Iteclaniatiou Service. By F. H. Nowell. Pages 373- 
981. plates i-\iii. 

1018. The Yuma Recl.-imation I’rojc'-t. By .L B. Lippincott. .Pages 383-388, 
[date I. 

1019. The Evi<lence of Evoiuliou. By Hu.go De t'ries. I’.ages .989-390. 

1020. The Evolutionary Significance of Species. By O. F. Cook. Pages 
997-412. 
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1C21. Some Bird Life in British Papua. By R. A. Vivian. Pages 413-418. 

1622. Bird Sanctuaries of New Zealaud. Page.s 419—422. 

1623. The House Sparrow. By Dr. .J. O. Skinner. U. S. Army. Pages 
423-428. 

1024. Some Tibetan Aiiiuails. By R. Lydekker. Pages 42fi-435. 

1625. The Multiple Origin ot Horses and Ponies. By Dr. J. Cossar Ewart. 
Pages 437—455, plates i, ii. 

1620. Egyptian and Arabian Horses. By E. Prisse D'Avennes. Pages 457-407, 
plates i-iv. 

1027. Bees and Flower.s. By E. L. Bouvier. Pages 409—484. 

1628. Tile Pearl Eislieries of Ceylon. By W. A. Herdman. Pages 485—493. 

1029. Flying Fishes and their Habits. By Theodore Gill. Pages 495-515, 
plates i-iv. 

1030. The Stature of JIan at Various Epochs. By A. Dastre. Pages 517-532. 
I(i31. Old Age. By Elie iletchnikoff. I'ages 5;!:!-.55P. 

1032. Contributions of American .Vrcheology to Human History-. By W. H. 
Holmes. Pages 551-55S. ^ 

1033. Excavations at Gournia. Crete. By Harriet A. Boyd. Pages 559-571, 
plates i-iii. 

1034. Archeological Researches on the Frontier of .\rgentina and Bolivia in 
1901-2. By Eric Von Rosen. I'ages 573-581. plates i-.x. 

16.35. A General I'iew of the Archieology of the I’uehlo Region. By Edgar L. 
Hewett. Pages 583-606. plates i-xviii. 

1630. The Painting of Human Bones among tlie .American Aborigines. By 
Ales Hrdlieka. Pages 607-c>i7. plates i-in. 

1637. Sling Contrivances for Projectile Weapons. By F. Krause. Pages 
019-038. plates i-iv. 

1638. Materials Used to Write Upon before the Invention of Printing. By 
Albert Maire. Pages 639-6.58. plates i-viii. 

1639. An Inquiry into tlie Population of China. By William Woodvllle Rock- 
hill. Pages 059-676. 

1040. Chinese Architecture. By Stephen W. Bushell. Pages 077-092, plates 

I-XIX'. 

1041. Pewter and the Revival of its Use. By Arthur Laseuhy Lilierty. Pages 
093-713, plates i-vi. 

1042. Cameos. By Cyril Davenport. Pages 713-719, plates i-iv. 

1643. The Economic Conquest of Africa hy tlie Railroads. By A. Fock. 
Pages 721-735. 

1044. The Present Aspects of the Panama Canal. By William H. Burr. 
Pages 737-744. 

1645. The Sanitation of the Panama Canal Zone. By 5V. C. Gorgas. Pages 
745-749. 

1040. The Projected New Barge Canal of the State of New York. By Thomas 
W. Symons. Pages 751-757, plate i. 

1647. Rapid-Transit Subways in Metropolitan Cities. By Milo R. Maltbie. 
Pages 759-771. 

1648. George Gabriel Stokes. By Ernest W. Brown. Pages 773-777, plate l. 

1649. Karl Alfred 5’ou Zittel. Translated iiy Charles Schucliert. Pages 779- 
786, plate i. 

1650. Carl Gegenbaur. By Oscar Hertwig. Pages 787-791, pl;ite i. 
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IV. PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM. 

The publications of the National Museum are: (a) the Annual Report, form- 
ing a .separate volume of the Report of the Smithsonian Institution; (h) the 
Proceetlings of the United States National Museum; (c) the Bulletin of the 
United States National Museum. 

(a) The Reiwrt for the year ending .Tune 30, 1903, was completetl during the 
past fiscal year, and the Report for 1904 is now in press. 

Annual Report of the Board of Regents of the Smithsonian Institution, show- 
ing the operations, expenditures, and condition of the Institution for the year 
ending June 30, ItKtS. Report of the United States National Museum. Wash- 
ington : Government Printing Office. lOOo. Octavo. Pages i-xv, 1-040. Plates, 
120 ; text figures, 120. 

CONTEXTS. 

Part I. Report upon the condition and progress of the United States National Museum 
during the year ending June :10. 1903. By Richard Rathhim, assistant secretary of the 
Smithsonian Institution, in charge of the United States National Museum. 

1‘art II. 1‘apers descriptive of Museum buildings. ' 

The United States National Museum : .\n account of the buildings occupied by the 
national collections. By Richard Rathhun. 

Studies of museums and kindred institutions of New York City, .\lhany, Buffalo, and 
riiicago, with notes on some European institutions. By A. B. Meyer. 

(&) Although enough separute papers have been published to make up Volume 
XXVIII of the Proceedings of the United States National Museum, they have 
not yet been put together in hound form. 

The separates so far issued are as follows : 

No. 1.382. A Treatise on the Acarina, or Mites. By Niithan Banks. Pages 
1-114, text figures 1-201. 

No. 1:B83. Notes on Hawaiian Reiitilcs from the Island of Maui. By Richard 
C. McGregor. Pages 11.5-118. 

No. 1384. Labraeinus the Proper Name for the Fish Genus Cichlops. By 
Theodore Gill. Piige 110. 

No. 1.38.5. Note on the Genus Prionurus or Acanthoaulos. By Theodore Gill. 
Page 121. 

No. 1380. Description of a New Species of Fish (Apogon Evernianni) from 
the Hawaiian Islands, with Notes on other Si>ecies. By David Starr .Iordan 
and .lohn Otterbein Snyder. Pages 123-120. 

No. 1387. Descriptions of New Genera and Species of Ilymenoptera from the 
Philippine Islands. By IVilliam H. Ashinead. Pages 127-1.58, with plates i-ii. 

No. 1.3.SS. On the Systematic Relations of the Ammodytoid Fishes. By Theo- 
dore Gill. Pages 1.5!>-]03, text figures 1—1. 

No. 1389. The Dragoiiliies (Odoiiata) of Burma and Lower Siam. — I. Sub- 
family Calopterygiiue. By Edward Bruce IVilliainson. Pages 10.5—187, text 
figures 1-18. 

No. 1390. Oil the Liparis (Trismegistus) Owstoni Jordan and Snyder. By 
Peter Sclmiidt. I'ages 189-191, text figures 1-2. 

No. 1391. On a Collection of Fishes made iu Korea, by Pierre Louis Juoy, 
with Descriptions of New Species. By Dav'id Starr Jordan and Edwin Chapin 
Starks. Pages 193-212, text figures 1-11. 

No. 1392. The Mount Vernon Meteorite. By Wirt Tassin. Pages 21,3-217, 
plates iii~iv, 1 text figure. 

No. 1.393. The Scorpienoid Fi.sh, Neosebastes Extaxis, as the Type of ,a Dis- 
tinct Species. By Theodore Gill. Pages 219-220. figures 1-2. 

No. 1394. Note on the Genera of Synanceiiie and Pelorine Pishes. By Theo- 
dore Gill. Pages 221-225, text figure 1. 
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No. 1395. Cambrian Brachiopoda. with Descriptions of New Genera and 
Species. By Charles D. AYalcott. Pages 22T-337. 

No. 1396. On the Generic Cliaracteristics of Priouotus Steariisii. By Theo- 
dore Gill. Pages 330-342, text ligare 1— t. 

No. 1397. Three New Frogs and One New Gecko from tlie ITiilippine 
Islands. By I.eonliard Stejneger. Pages ;U.!-34S. 

No. 1398. Descriptions of New Species of Tortricid lloths, from North Caro- 
lina, with Notes. By William Dnnham Kearfott. I’ages 349-304. 

No. 1399. Note on the Salmon and Trout of Japan. By David Starr .Jordan. 
Pages 36.5-3()(j. 

No. 140(1. Descriptions of a New Genus of Tsopoda l)elonging to the Family 
Tanaidm and of a New Species of Tanais, botli from Monterey Bay, California. 
By Harriet Richardson. Pages 3(>7-37o, text fl.gures 1-13. 

No. 1401. A Critical Iteview of the Literature on the Simple Genera of the 
Madreporia Fungida, with a Tentative Classification. By T. Wayland Vaughn. 
Pages 371-424. 

No. 1402. Descriptions of New (Jenera and Species of Mammals from tlie 
Philippine Islands. By Edgar A. Mearus. Pages 425-400. 

No. 1403. On a Collection of Orthojitera from Southern Arizona, witli descrip- 
tions of New Species. By .Vndrew Nelson ("audell. Pages 461-477. text figures 
1-G. 

No. 1404. North American Par.-isitic Copepods belonging to the Family Cali- 
gidie. Part 1, The Caligime. By Ch.-irles Branch Wilson, Pages 479 -(j 72, 
plates v-xxix. text figures 1-.50. 

No. 1405. Notes on Mammals collected and observed in the Northern Mac- 
kenzie River District. Nortliwest Territories of Canada, with Remarks on 
Explorers and Exiilorutious of the Far North. By R. MacFarlano. Pages 
G73-764. plates xxx-xxxiv. 

No. 140G. Description of a New Toad from Cuba. By I.eonliard Stt'.ineger. 
Pages 76.5-7G7, text fi.gures 1-G. 

No. 1407. List of Fishes collected by Dr. Bashford Dean on the Island of 
Negros. Philippines. By David Starr Jordan aud Alvin Seale. Pages 769-803. 
text figures 1-20. 

fc) Of the Bulletin of the National Museum there was issued volume 3 of 
Bulletin No. .56. forming the third part of Mr. Ro!>ert Ridgway's mouo.grapli 
(if tlie “Birds of North and ^Middle .\merica : “ part 4 of volume S of “Con- 
tributions from the National Herbarium.” entitled “Studies of Mexican and 
Central Amerii-au Plants. No. 4." by -I. N. Rose: volume 9 of the same series, 
comiiosetl of a single paper on “The Useful Plants of the Island of Guam," iiy 
William E. Safford. 

V. PITU.IC.VTIOXS OF THE BTTtEAU OF AltERIC.VN ETHXOI.OGY. 

Twenty -second Annual Report of the P.ureau of American Ethnology to the 
Secretary of the Smithsonian Institution. 1900-1901. By ,1. tV. Powell, Director. 
Washington : Government Printing Ofiice. 1904. In two parts. Part II. Pa.ges 
1-373; plates 9; text figures 11. 

CoXTE.vrs : The llako • -V Pawnee Ceremony. By .Vlice Fletcher, assisted by James R. 
iMurie. 

VI. RfIPORT OF THE AMERICAN IIISTORIIAL ASSOCIA ITO.X. 

The annual report of the American Historical Association for tlie year 1904 
was received from the Associatiipu and transmitted to the Public Printer in May, 
1905. Its contents are as follows : 

Report of the IToceedings of the Twentieth Annual Meeting, at Chicago, III., December 
28-30, 1004, tiy Charles II. Haskins, corresiiondim; secretary. 

The Treatment of History, liy tfoldwin Smith. 
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On Roman History* by Ettore Pais. 

On the Necessity in America of the Study of the Early History of Modern European 
Nations, hy rriedrich Keutgen. 

The Chief Cun cuts of Russian Historical Thought, by Paul Milyoukov. 

The AVork cf American Historical Societies, by Henry E, Bourne. 

I’ublic Records in Our Dependencies, by Worthing Chauncey Ford. 

The Exploration of the Louisiana Frontier, 1S03-1S06, by Isaac J. Cox. 

The Campaign of 1S24 in New York, hy C. 11. Rammelkamp. 

RepiU-t of the Conference on the Teaching of History in Elementary Schools, by J. A. 
James. 

Report of the Conference on the Teaching of Church History, by Francis A. Christie. 
First Report of the Conference of State and Local Historical Societies, by Frederick W. 
Mooie. 

State Departments of Archives and History, by Thomas McAdory Owen. 

Report of the Proceedings of the First Annual Meeting of the Pacific Coast Branch, by 
Max Farrand 

Bil>li<»graphi(al Notes on Early California, by Robert Ernest Cowan. 

The Nootka Sound (.’ontroversy. by W. R. Manning. 

Report of the Ihihlic Archives Commission on Archives of Alabama, Pennsylvania, 
North Carolina. Kan'^as, and Georgia. 

Report on the Collection of Jlaterials in English and European History and Subsidiary 
Fields in Libraries of United States, by Wilbur IL Siebert. 

Ml. RkPORI OF THE DAUGHTERS OF THE AMERICAN REVOLUTION. 

The seventh report of the National Society of the Daughters of the American 
Revolution was received from that Society in May, and was submitted to Con- 
gress in accordance witli tlio requirements of the law. 

Respectfully submitted. 

A. Howard Clark, Editor. 

Mr. S. P. Laxgley, 

H^ccretury of the Smithsonian Institution. 



GENERAL APPENDIX 

T<» Till-: 

SMITHSONIAN REPORT FOR 190.1 


97 




ADVERTISEMENT. 


The object of the Gexekal Apcexdix to tlie Annual Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis- 
covery in particular directions; reports of investioations made liy 
collaborators of the Institution and memoirs of a ceneral character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

It has been a pi'omineut oI)ject of the Board of Regents of the 
Smithsonian Institution, from a very early date, to enrich the annual 
report recpiired of them liy law with memoirs illustrating the more 
remarkalde and important developments in physical and biological 
discovery, as well as showing the general character of the operations 
of the Institution; and this ])urpose has. during tin' greater part of 
its history, been carried out largely l)y the ])ublication of such papers 
as M’oidd possess an interest to all attracted by scieutitii' progress. 

In IS.SO the Secretary, induced in j)art by the discontinuance of an 
annual summary of progress which for thirty y(‘ar< previous had been 
issued by well-known privatt' i)ublishing firms, had prepared by com- 
petent collaborators a series of abstracts, showing concisely the prom- 
inent features of recent scientific progre>s in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology. This latti'r plan was continued, though not altogether 
satisfactorily, down to and including the year ISSS. 

In the report for 1SS9 a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a cousiderabh' range of -cientitic investigation and discus- 
sion. This method has been continued in the present report for IbOo. 
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.NEW MEASUKEMEXTS OF TTIE DISTANCE OF THE SUX.' 


By A. R. IIiNKS. M. A. 


When I received the honor of an invitation to lecture at the School 
of Military Eiigineerinjj on <onie astronomical subject. I had little 
difficulty in making my choice of a topic. -There is just one subject 
on which I may speak with some little fifst-hand knowledge: and 
by great good fortune that subject is concerned with a problem which 
has both in its nature and its history a connection with the Corps of 
Royal Engineers. 

The i^roblem of the determination of the distance of the sun is. in 
some respects at least, the most fundamental in the whole range of 
astronomy, for the number which represents it is involved in almost 
any calculation of distances and masses, of sizes and densities, either 
of planets or their satellites or of the stars. The distance of the sun 
bears somewhat the same relation to other problems of celestial sur- 
veying as the size and shape of the earth bear to terrestrial. It may 
not always appear on the surface, but it is generally concealed some- 
where in the depths of the calculations. And I am com])elled to 
confess that in one respect the earth measurers have the advantage 
over astronomers. The utmost that the astronomer can do is to 
show that the distance of the sun is so many times the radius of the 
farth. But ask him to jmt it into miles and he is powerless to <lo 
so until the geodesists have told him how large the earth is: and it 
is there that, in the very nature of the' ca.se. we are compelle<l to 
depend in the end upon the scientific labors of your corps. 

" Lecture UelivereU at the Royal Ensineers" Institute on February n. 
Reprinted, by pei-niission. from the Ro.val Eiiftineers' .lourn.-il. Volume II. No. t. 
.Tilly, lOO.j. Chatham. EiiglauU. Royal Euiiiiieers' Institute. 
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A (lilTereiii'e of O-Ol" in the parallax U eiiiilvaleiit to lOo.OuO miles, or 170,000 kilometers. 

Let us look at the matter for a moment as a problem in pure sur- 
veviiig. To measure the di.stance of the .sun we have as a base a 
chord somewhat less than the diameter of the earth, since ob.serva- 
tioiis can not be ma'le on a heavenly body when it is actually on the 
horizon. Sup]Jose we put our base line at nine-tenths of the diam- 
eter. Our prolilem is to determine the distance of a body so far away 
that the whole diameter of the earth subtends at it an angle of only 
about 17.G seconds of arc: and with our somewhat diminished base 
this angle is reduced to a little less than 15 seconds. I believe that 
the length of your liase u[)on the great lines of Chatham is about 
1,7:50 feet. Imagine that from that base you had fo determine with 
an accuracy greater than one in a thousand the distance of an inter- 
sected jioint about 4.500 miles away, as far away as Chicago, and you 
have a problem which is by comparison simplicity itself. For the 
ends of our 7.000-mile lia.se are not visible from each other, being on 
opjiosite sides of the world, and our angles at the base must be 
determined by a complicated reference to the zenith, with all the 
well-known impossibilities of determining absolute 2 >laccs in the sky 
increased l)v the special ilifficulties that arise when the object to be 
observed is the sun. You will readily grant that to determine the 
distance of the sun by direct observation of that body is impossible, 
unless you are content with an accuracy of about 1 in 10. 

Xow. it is a curious fact that there is a way of obtaining the dis- 
tance of the sun with an accuracy of 10 per cent with no other instru- 
ment than a clock keeping accurate time. You do it by observing 
the times of minima of the variable star Algol. Every two days 
twenty-one hours Algol droj)S more than a magnitude, and does 
this with a regularity which would be unfailing were it not for the 
lact that at oik' season of the year we are nearer the star bv nearlv 
the whole diameter of the earth's orbit than we are at the oji^^^osite 
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season ; and light takes about sixteen niinutes to traverse that dis- 
tance. In the middle of Xoveinher the eclipses of Algol are taking 
place eight ininntes earlier than the average. In May. could we 
observe the star so near the sun, they would be found eight minutes 
behind their time: and a practised observer could, on a long series of 
observations, determine that ine(juality. with a total range of sixteen 
minutes, well within two minutes — that is to say. with an accuracy 
of about 10 iA‘r cent. lAe have then only to combine this (quantity 
Avith the knoAvn A’elocity of light and we have a measure of the sun's 
distance. A mere curiosity in itself, it Avill serve to introduce us to 
some indirect ways of determining the distance of the sun Avhich 
have, both jjractically and historically, a peculiar interest and im- 
portance. 

At the pi'esent time we are in the thick of a new determination of 
the distance of the suii on a scale of operations greater than has been 
known before. More than fifty observatories of the Xorthern Hemi- 
sphere are engaged more or less deeply on the Avork. Avhich has occu- 
jjied a great many of us closely for the last four years and Avill give 
])lenty of trouble to some of tis for several years to come. Before 
Avc enter upon the consideration of the neAv method and the noAv 
opportunitics avc migh.t Avell pause to ansAver the ([uestion. Avhich is 
by no means supertluous. IToav dot's it come about that, at the end of 
the nineteenth century. Avhieh had seen attem])ts almost inmimerablo 
to measure the distance of the sun. the result Avas still so much in 
doubt that it Avas Avorth Avhile to concentrate (luite a large proportion 
of the total astronomical energy of the Avorld upon a new attempt ? 
I belicA'c that Ave shall find some explanation of this fact if Ave 
examine the history of the various Aaliu's of the solar parallax that 
AA’ere tised in the Nautical Almanac during the nineteenth century. 

A determination of the distance of the sun by direct obseiwation of 
the sun itself is impracticable: the sun is too difficult an object to 
obserA'e Avith any great accuracy: its distance is too great, and our 
base is too small for any method of tlirect trigonometrical survey to 
be jtossible. But Ave can in etfect diminish its distance by substitut- 
ing for it one of the planets. Avhich can 1 k' more accurately obserAed. 
for Avhen the distance of any one jdaiu't fi'om the earth is knoAvn. the 
dimensions of other orl)its folloAv by the apj)lication of Kepler's third 
hiAV. And at the same time Ave can. as we shall see. secure the ines- 
timable advantage that the measures to lie made are relatiA’e and not 
‘disolute. 

Let me digress for a moment to insist upon the imjAortance of this 
distinction. If you Avished to find the ditlerence in latitude and lon- 
gitude betAveen your Institute and the trigonometrical point at Dar- 
land. you might (h'termine tlu' latitude and longitud(‘ of each and 
take the differences, or you might triangulate from one to the other. 
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One is an absolute nietliod. the other a relative, and it is scarcely 
necessary to emphasize the ditference in accuracy between the two. 
We shall see that, various as are the kinds of measurement which 
may be made to contribute to a knowledge of the solar parallax, they 
are all of them relative measurements. For example, one may ob- 
serve the displacement of the planet Mars among the stars, as seen 
from a northern and a southern station — say Greenwich and the 
Ca 2 >e — or one may observe the disi^lacement of the place of Venus in 
transit across the sun from stations suitably chosen. In each case we 
are measuring the disj^lacement as viewed from dift'erent stations of a 
near object with respect to one farther off. the disj^lacement of Mars 
among the stars or of Venus against the sun. We have secured the 
advantages that the jiarallactic disj)lacement to be measured is 
greater than that of the sun itself: that the objects to be observed. 
Mars or Venus, are better adajJted for observation, and that the meas- 
ures are relative. 

In the middle of the eighteenth century Lacaille made observations 
of Mars at the Cape of Good Hope, which were compared with others 
made at various observatories hi Europe, and he deduced a jiarallax 
of about ten seconds. In the same century there occurred the two 
famous transits of Venus of 1701 and 1769. which were very exten- 
sively observed, among others l)v Captain Cook on his celebrated ex- 
pedition for that purpose to the South Seas. Many and various were 
the results obtained by dilterent discussions of the oliservations. lying 
between eight and one-half and nine and one-half seconds, but decid- 
edly less than the parallax found from Mars, and we find that at the 
beginning of the nineteenth century the Nautical Almanac adopted 
a A’alue in round numbers, nine .seconds, as the best that could be 
made of them. 


'I'alucx of the xohir ixiruUu.v nxed in the Xmitical Almanac tlurimj the nineteenth 

cent nr ij. 


It 

1801-tSa:-! 0" 

183i-18«y 8-5770" 

Eiicke. from transits of Venus. 1701 anil 170!t. 

1870-1881 8-05" 

Leverrier. from iiarallactic ineiiuality of moon (18.58). 

1881-1 !>( Hi 8-818" 

Newcomb, from jreneral mean of many methoUs (1807). 


In 1824 the German astronomer Encke submitted to a very search- 
ing examination the collected results of the transit of 1769 and 
deduced the result 8-5776 seconds. Avhich. Avith its imposing train of 
dei-inials intact. Avas incorimrated in our Xautical Almaiiai- for 1864. 
survived until 18()9, and Avas resjionsible for the statement. Avhich 
many of us can remiunber in the schoolbooks, that the distance of 
the sun is 95,000.000 miles. 
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Meanwhile the attack upon the problem had been Inaintained in 
several different ways, and particularly by an indirect method that 
has many points of interest. 

In the lunar theory there occurs, among the short-period perturba- 
tions to which the motion of the moon is subject, an inequality in a 
period of a month which depends upon the fact that the disturbing 
action of the sun is greater on that half of the moon's orbit which lies 
toward the sun than upon the other half. The result of this is that 
the moon is more than two minutes behind at first quarter and two 
minutes ahead at last quarter of the place which she would occupy 
were there no perturbation. It is clear that the magnitude of the 
effect must depend iqion the ratio of the distances of the sun and 
moon from the earth : and since the effect is large, an oscillation 
either way of about one hundred and twenty-five seconds, this should 
give a strong determination of the solar parallax, provided that the 
moon can be observed with the required accuracy and that the theo- 
retical relation between the perturbation and the solar parallax is 
firmly established. In 1858 Leverrier found in this way a value of 
8 -1)5 seconds ; several other determinations supported this large 
value, and practically all the determinations made since 1830, how- 
ever much they might disagree among themselves, agreed at any rate 
in one thing, that Encke's value was much too small. IVe find, there- 
fore. that in the Xautical Almanac for 1870. published in 1866, 
Leverrier'a value, 8 -95 seconds, is adopted, and the official distance of 
the sun changed at one swoop from 95,000,000 to 91.000,000 miles. 

But now preparations were in full swing for the observations of 
the transit of Venus of 1874 and 188-2. which for many years had been 
eagerly awaited in the full expectation and belief that then, with all 
the manifold improvements in the arts of observation, in the inven- 
tion of the helionieter and the application of photography to celesti.al 
measurement, the question of the solar parallax would be definitely 
settled. IVe can not do more than glance at the most beautiful and 
most complicated geometrical problems involved in the consideration 
of all the circumstances of a transit of Venus. But these two 
diagrams « will show some of the circumstances of the very important 
phenomena, the times of internal contact at ingress and egress, the 
times when Venus is just completely on the sun and just about to 
begin to go off. Great preparations were made foi' observing these 
times of ingress and egress, and the results would undoubtedly have 
been successful had it not been for the cruel way in which the 
geometrical sharj^ness of the phenomenon is ruined by the lighting 

1 Sho^viIl;; tlip piissiwe of the earth through the cones enveloping the sun and 
Venus. (Not rei)ri>duced. — E db.) 

sii 1905 11 
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up of the atmosphere of Venus ; there was no instant when tangency 
was perceptible, and, to be frank, the transit of Venus as a means of 
determining the distance of the sun was a failure. The photographic 
and heliometer observations had for various reasons met with no 
better success than the observations of contacts; there was no con- 
sistency about the results. 

But just as the preparations for the transits were beginning in 
18G7 Prof. Simon Newcomb had jmblished an elaborate discussion 
of the solar parallax based upon several different methods. IVith 
some of these we are already familiar, and I will call attention to one 
only, the last, which we have not as yet discussed. 



Newcnnil), “Observation of Mars. tSi>2” seconds S -S-jo 

Hall. ■■ Ob.cervatiou of Mars, " do S 'SliJ 

Hanson. Stone, and Newcoinl), from " I’arallactic inequality of 

moon " seconds 8 vSitS 

Xewconil). "Lunar eqimtion of the e.-irtb" do 8 -SO!) 

I’owalky. "Transit of \'enus. 17<i!> " do 8 •S.'t2 

Foucault's "Velocity of ligUt," and Struve's "Aberration const.’’ do 8-800 

tVeishted mean seconds 8:848 

It is an effect of aberration that every star describes yearly in the 
sky an ellipse of which the seinimajor axis is about 20 -o seconds, and 
this number is called the constant of aberration. It is the ratio of 
the velocity of the earth in its orbit to the velocity of light. When 
the constant is known and the velocity of light is known, the velocity 
of the earth in its orbit is known; and since the time of describing 
that orbit is also known, the size of the orbit and the distance of the 
earth from the sun follow immediately. 

In 1870 it apjieared then that there was .strong evidence against the 
value 8 •ll,’) seconds ; and without waiting for tlie results of the tran- 
sit of Venus expeditions, the Nautical .Vlmanac adopted for the while 
the value 8 '848 seconds found by Newcomb from this galaxy of results 
which looked so accordant: and that value was first used in the 
Almanac for 1882. the year of the second transit. 

But meanwhile Sir David (lill, who had observed the transit of 
1874 at ^Mauritius and had made up Ids mind very definitely that no 
good would come out of the transit of 1882. had borrowed Lord 
Lindsay’s helionieter and established himself on the island of Ascen- 
sion to observe with the heliometer the ojiposition in 1877 of the 
planet Wars. Every night the observing station in Mars Bay was 
cari ied some six or seven thousand miles by the rotation of the earth 
and the planet thereby displaced among the stars by some forty sec- 
onds. The heliometer is by far the most refined instrument for the 
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visual measurement of distance from star to star: the observations 
extended over months instead of hours: the}' could be pursued without 
any of the disquietino- feelings that a temporaiw lireakdown would 
ruin everything: and they were brought to a successful end in a paral- 
lax of 8 '78 seconds. But one doubt was cast upon the result. IVas it 
possible that the red color of Mars had influenced the measures syste- 
matically? It could not be denied that the effect of the dispersion of 
the air, Avhich gave the planet a blue fringe above that might be lost 
in the blue sky. and a red fringe below that would l)e indistinguish- 
able from the red jtlanet itself, might have jiroduced some effect : and 
Sir David Gill resolved to try again, utilizing this time three minor 
planets farther away than Mars, with less parallax therefore but with 
disks so small that they were indistinguishable from stars. 

In 1888 and lS8i> five observatories, the Cajje in the .'southern 
Hemisphere, and Yale, Gottingen. Leipzig, and the Kadclitfe Obser- 
vatory at Oxford in the Northern Hemisphere, comlhneLl to observe 
the planets Victoria. Iris, and Sappho with the heliometer. The 
labor was immense. The observations proved to be so accurate that 
they demanded the use in a great part of the work of eight figure 
logarithms. YTien only a few years ago the whole work was 
published in two enormous volumes of Annals of the Cajie Obser- 
vatory. it might well have been thought that here was the last word 
of observation for many years. Yet we are now attacking the 
problem with more energy than ever. 

About ten years ago the end of the century was in sight, and there 
was a general imiire&sion abroad that it tvas time to set one's house 
in order and to make a good start on the 1st of January. 1901. The 
directors of the four nautical almanacs (the British. French. German, 
and American) resolved to meet in Paris in 1S9(), and with the Indp 
of certain distinguished advisers to agree upon a uniform set of con- 
stants to be adopted in all the Almanacs from the year 1901. Amon<r 
these constants was the solar parallax. lYe may summarize the infor- 
mation which was at the disposal of the conference thus : 


Solar Irarall.'l-X from — Seconds. 

Gill's belioiueter. minor planets .s soC 

Constant of aberration of li^lit S' 75)11 

Parailaetic ineciualitv of moon S-71)l 

Mass of earth from motion of node of Venus alone .S • 7)>C 

Mass of earth from secular variation of four inner ])iauets S- 7.71) 


Gill's heliometer measures of minor planets gave S 'SOi seconds, and 
no other direct observational result could be compared with this: tin* 
transits of Venus were discredited even though some of the final 
results had not, and have not even now, been published. The most 
recent determinations of the constant of the aberration of light gave 
8 '799 seconds, the parallactic inequality of the moon, 8 '791 seconds. 
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There were thus three powerful methods which converged upon a 
value close tt) 8 -80 seconds. But to set against them was a method 
which we have not yet noticed. 

The iierturbations in the motions of other jilanets produced by 
the earth depend ipion the mass of tlio earth, and from them that mass 
can lie determined. There is further a well-known relation between 
the mass of the earth, the vahie of the gravitation constant, the length 
of the year, and the distance of the sun, from which the latter may 
therefore be derived when we know the others. Professor Newcomb 
had thus determined the parallax in two different ways, and had 
found two results agrwing closely among themselves, with mean 8'7(‘) 
seconds, but differing widely from the others. No explanation of this 
divergence could be found. But the evidence was 3 to 1 in favor of 
S'SO seconds, and 8-80 ^econds was adopted in ISOfi as the value to be 
tised in all tht> almanacs from tl>e beginning of this century. 

It might well have biam thought that the question woidd have been 
allowed to re^t there for a whilix At the end of a century of labor 
four principal results had emerged, and there was a majority of 3 to 1 
in favor of S'SO seconds. But there is a phenomenon, known in 
politics as the swing of the pondidum or the flowing tide, by whose 
operation a majority hardly won begins immediately to melt away. 
A like phenomenon appears to affect the solar parallax. AVe have 
seen how its adopted value has swung from 8 '57 to 8 -hr) seconds, and 
back again to S'S.") and 8-80 seconds. Scarcely had the resolution of 
the Paris Conference been taken than the majority in favor of S -SO 
seconds began to melt away. The beginning of the century had been 
chosen as an ausiffeious moment in which to make a change, without 
considering that there were at the end of the preceding century many 
investigations just then drawing to a close. The value of the aberra- 
tion constant corresponding to 8 -so seconds is 20-4:78 seconds. Al- 
most i-very determination of that constant jmblished since pshCi — and 
there are many — had come out above 20 '.70 seconds, manv of these a 
long way above. Further investigation of the parallactic inequality 
of the moon had not only altered the observed value of the iiie<[uality. 
but had modified the theoretical relation by cvhich the parallax is 
deduced therefrom. The evidence for 8 '80 seconds was giving wav 
!)adly : and before the 1001 Almanac came into use we had this revised 
table propounded by one of the chief instigators of the adojffion of 
8 -SO seconds, d’he majority w as now 3 to 1 in favor of a value at 


least as low as S -77 seconds. 

vised tdble. 

Solar narallax from— 

(liU's liclioiiicter. minor jilaiiets S • SU'J 

(’oiistaut of alicrration <if Iialit S ■ 77 

Parallactic iiic(inalit.y of moon. (irobalUy S • 77 

Mass of earth from secular variations 8 ■ 759 
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I suppose that there will always be two opinions upon the (piestion : 
Is the adopted value of the solar parallax to depend upon direct 
observation or are the indirect determinations through the constant 
of aberration, the parallactic inequality, and the mass of the earth to 
be allowed a weight in some proportion to their numbers? 1 take it 
that those of us who have determined the pai'allax by direct obser- 
vations may not unnaturally look upon these indirect methods as 
interesting confirmations of our result if they agree with it. while if 
they differ there must be something wrong with them. But in the 
absence of a direct determination of overwhelming weight there 
must always be a feeling of uneasiness when one sees three or more 
results conspiring to deny the truth of one. And however that may 
l)e, it is certainly true that almut the year 18!IS there was a very gen- 
eral suspicion al)i’oad that the value S-SO se<-onds was too large. 

At this moment there came a curious stroke of fortune. Doctor 
Witt, of the Urania Sternwarte, Berlin, was engaged in a photo- 



graphic search for a minor planet which liad long been lost. _He 
failed, but found instead a minor planet for which one would will- 
ingly barter the remaining five hundred odd; a minor planet indeed, 
but moving in a most remarkable orbit, lying for the most part 
within that of Mars, very eccentric, considerably inclined to the 
elliptic, and ajiproaching the earth on favoraiile occasions within 
about l.f.OOh.OOO miles. It was immediately recognized that here was 
a new opportunity for determining tlie solar jiarallax and that the 
determination must be made at once or left alone for thirty years, 
for a com|)aratively favorable oj)position was due in IhOO and no 
more' good ones till 10:50 and 10:57. At the meeting ctf the |)ermanent 
committee which directs the making of the astrographic chart and 
catalogue of the whole sky it was resoha'd to invite a great coopi'ra- 
tion of oliservatories to mak(> a combimal onslaught on the j)roblem. 
Idle suggestion was readily taken u]). with an alacrity, indt'cd. which 
might almost have suggested that the observatories concawned had 
nothing to do and were glad of a job. an imputation which is immedi- 
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ately rejected when one finds that some of the most ener<jetic partici- 
pants were precisely those observatories that had their hands most full 
with the astrographic chart (fig. 1). By a cruel stroke of fate Sir 
David Gill at the Cape was compelled to remain a spectator of the 
work, for the planet came so far north that it was jiractically unob- 
servable in the Southern Hemisphere, while in England we had the 
unique spectacle of a ])]anet north of the zenith. 

Figure ■>. borrowed from Professor "Wilson's articles in Popular 
Astronomy, shows very clearly the circumstances. Corresponding 



positions of the earth and the planet are joined, and if we follow out 
lit imagination the ihrections that these lines must hai'e, remembering 
that the orbit of the planet is inclined 10° to that of the earth, we 
"•ee that the jihuiet described a loop at ojipositioii, as all exterior 
planets do. hut that the loop was of verv unusual nrouortions 

(fig. d). 

lo di>cuss in any detail the circumstances of the apparition and 
the way in which they can be utilized for a determination of the 
parallax would take too long. But we may get a good idea of a 
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fairly typical case by transplanting ourselves in imagination to the 
planet Eros on the evening of the ild of December. 1900. armed Avith 
an imaginary telescope ridiculously out of ])roportion to the real size 
of the planet, which is jn'obably not more than l! 0 miles in diameter 
(fig. 4). The earth is past inferior conjunction with the sun. and 
appears as a crescent. The North Pole of the earth is tilted toward 
us. and by tlu* aid of this jirojection of the meridians and j^arallels of 
latitude we can ivitli great ease trace the path of each observatory 
as it is carried round by the rotation of the earth and can measure 
from the scales the angular distance at any moment of an observatory 
from the center, or the distance between two o!)servatories. ivhich 
angular distances as seen from the planet are the precise equivalents 
of the parallactic diplacements of the plajiel as seen from the earth. 



In the programme of observations tliere was one novel and prom- 
ising feature — the application of j)hotography. With the excejttion 
of the transit of Venus ob-ervatious. in whidt its success was not 
striking, photography had not been ])reviously applied in a deter- 
mination of the solar paralla.x. foi- the very good reason that in 
1SS9. at the time of the opposition of Victoria, there was practically 
<ady one teles(.'ope in exigence which was capable' of takin<r photo- 
graphs for exact measurement, that [)ioneer ])hotographic eipiatferial 
made by the Brothers Henry at Ihiris. The fact that there were in 
1900 eighteen jihotographic tele'coj)es engaged in observing Eros 
shows hoAv ra]hdly the e(|uipment of astronomv has grown in the last 
few years. We were so fortunate at Cambridge as to have our new 
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j)liotograpliic equatorial just completed and made to work. (I may 
remark 2>arenthetically that it took longer to make the machine 
work than to build it, for when one embarks upon a large experiment 
and sets up an instrument, the first of its kind, built tipon improved 
lines, one sets out upon a sea of troubles.) 

The great advantage of tlie photographic method in such an under- 
taking nnist be sufficiently well known by you. It is. of course, this, 
that one is rendered very much more independent of continued fine 
weather. A photograph of tlie planet and the surrounding stars 
could be made in two or three minutes of actual exposure. Given an 
hour's break in the clouds, one could accumulate far more valuable 



SCALE. SECS OF ARC 
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Fig l.—Moridiuii's aii'l parallL-i.s of latitude of the Earth as seen from Ero'-, Dee. 2, 1900 (^negative). 
The blackened portion repre.'«eiits the bright crescent of the Earth, the planet being more than a 
month pa**! oppo.sition 

material than could be obtained in a whole night's visual observation, 
for the jihotograph once secured could be measured at leisure, bv day 
or on cloudy nights. 

Throughout Europe the skies of that winter were far from clear. 
I had the pleasure at Cambridge of sitting up from dusk till dawn for 
nearly three months on end and during that time had not half a 
dozen nights cleai- right through. Had I been making visual observa- 
tions I should have done little: as things turned out I was able to get 
some five hundred ex])<)sures. The programme was to (jet four ex- 
jtosures per hour throughout (he night, making a number of exposures 
on each plate, and moving the plate a little between each exjjosure. 
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The stars are then arranged in colninn^ of fours: the images of the 
jdanet. owing to its rapid motion, are in echelon. 

■ Now each exj^osnre gives very accurately the place of the planet 
with reference to the gronji of stars around it. and for merely parallax 
purposes the ideal would l)e to have pairs of such photographs taken 
at the same instant at stations widely separated. Hy a very simple 
use of the measures of some ten or twelve stars suitably disposed 
about the planet, it wotild be possible to allow almost automatically 
for the ditferences of refraction, oricaitation, scale value, etc., which 
make the jdates not immediately comparable, and to find at once the 
parallactic displacement. 

• We have been speaking of the displacement as very large, and so 
it is when compared Avith the displacements dealt with in previous 
determinations. But look at it this way: We satv that the earth as 
seen from Eros subtended an angle of .■>:> seconds. The scale of the 
Camltridge plates is such that if we draw a circle having a diameter 
of a little over li- mm. tve represent the apparent diameter on our 
plate of the earth as seen from Eros; and within that small circle the 
Avhole of the iiarallactic displacement must necessarily lie. About 
a millimeter was the average displacement obtained in a favorable 
combination of observations, and when we consider that we are trying 
to measure that Avith a resultant accuracy of 1 in 1.000 it docs not 
seem so A'ery great after all. 

AVe InxA-e put the problem heretofore in its A'ery simplest form. In 
actual fact the exposures at different •'tations Avere not simultaneous. 
Early morning observations made at Cambridge might be combinable 
Avith CA'cning observations at Lick more or less simnltaneons, or Avith 
CA'cning observations ten or tAvelve hours before at (say) Oxford: or 
they might liaA’c to stand alone. Any general method of utilizing all 
the results must secure the possibility of reducing each plate, so to 
speak, on its oAvn merits, to alloAv it to contribute its rpiota, be it 
large parallactic displacement or none at all. to the general collection 
of eqitations of condition. This recjuires that Ave shall knoAV the 
relatiA’c places of all those stars Avhich are to be usetl as comparison 
stars for the planet, right along the Avhole track of the planet. And 
this derivation of a standard star "ystem is by far the most delicate 
and difficult part of the Avhole Avork. One must start Avith a founda- 
tion of stars observed Avith the meridian circle, and till in the fainter 
stars from the photographs themsehes. taking care to pnn ide at the 
same time the places of all tho'-e faint comparison stars Avhich haA'e 
been used by the A'isual obsei'A'ers. And all these places of stars must 
be tied together, so to speak, by the OA'erlapping of the photographs, 
so that the system may run smoothly throughout its length. Abso 
lute errors of zero there no doubt Aviil be, and must be, but it is 
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required that there shall l)e no sudden jumps in the errors exceeding 
one or two hnndredths of a second of arc. 

Xow, when one comes to face a pi'ohlem like this, one must inquire 
very carefully ivhat is the real accuracy of the photograph. There is 
no doubt that the ordinary photographic telescope properly worked 
will re^ieat it'clf very well: it will take two plates of the same region 
which agree with one another excellently. But the question is. How 
would two plates of the same region taken with ditferent telescopes 
agree? IVe know that individual observers have peculiarities of 
their own which they can repeat almost ad infinitum. Does a jfiioto- 
graphic telescope do the same, or has it at last conquered that had 
habit of idioyvncrasy which has made so much trouble in all refined 
astronomical work of the older kinds? When we started on the 
Eros campaign there was jtractically no information to l)e olkained 
upon this point. .Vlmost all the photographic telescopes at work had 
been engaged tqion their own zone of the chart, and almost nothing 
was known of how the results from different instruments would com- 
bine. But in our parallax jtrohleni this question is fundamental, and 
must he answered as soon as possible. I therefore ventured to 
proitose to myself to undertake the reduction of a small section of 
the photographic results, for a period of nine days in Xovemher. 
1000. having before me two objects: Firstly, to discover liOAv far it is 
possible to combine ifiiotographs taken at different oltservatories. how 
far, in fact. 2 )hotographic tidescopes are giving really accurate results 
or merely reproducing their own errors; secondly, to obtain a pro- 
visional value of the solar {tarallax. with a probable error if possible as 
small as that found by Sir David (Jill with the heliometer, and to find 
out provisionally whether Eros was going to confirm that result or to 
join in the sece-sion from the adopted value. 

Perhai^s I may venture to think that the results of this enterprise 
have been in some measure successful. I found that as a general 
rule the results from different telescopes do not combine directly as 
well as could be hoped and that there are many precautions which 
must be taken in using them if we are to avoid serious systematic 
error and a ruination of the jairallax determination : but I believe 
that it is possible to avoid these ilifficidties and that the photograjths 
properly treated will give a determination of the jtarallax of far 
greater accuracy than has hitherto been obtained. I found also that 
the .‘500 exposure- in that period of nine days, contributed altogether 
by nine different ob-ei-vatorie-. gave a value of the solar parallax. 
8 ‘TOT seconds ± 0-()047 second, which is in such nice agreement with 
Gill's 8 -SOi! seconds ± 0 ‘OO.l second that one may feel in one's heart 
(though of cour-e must never ex])ress the feeling so ])rematnrelv as 
this) some hoiH- that, in ailo})ting S-SO seconds as the official value 
of the solar parallax, the conference of 1800 was not so wrong as 
some ])eople have been 2 )repared tt) believe. 
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From hrliometfr oJ>srrratioits of Mctorot, 
Iris, mid Sappho. 

tt — 8*802 seconds = O'OOo second. 

From 195 2 >hotographs of Eros. 

7r = S‘797 seconds — 0*0047 secomL 


Ihstayice of smi in miles. 

92 . 875.000 

92 . 928.000 


I can not refrain from calling your attention to a by-product of 
this work which has for me a singular interest, because it seems to 
exhibit in a favoral)le light the accuracy which we may obtain with 
these photographic methods. After Eros had l>eeu under observation 
for some time it was discovered that its liifht was varvinn' in a short 

*- • c? 



Fig. Li^^ht curve »»f Eros. Whole pcru.Hl 5 h. It- lu. 


period, which was at first thought to be ilh. 38m. Afterwards it was 
found that the alternate minima of light was unecptal. and that the 
true period should be reckoned as 5h. IGm., two equal maxima and 
two unequal minima being included within that space of time 
(fig. 5). The variation appears to be continuous, without sensible 
pause, which precludes the idea that the planet is double and that the 
minima are due to eclipses of one body by the other. We must find 
some other cause. There are two which suggest themselves cpiite 
naturally — irregularity of shape and irregularity of surface bright- 

^ .'qSO « — - 


“ ‘050. —I 

Fig. i) — Ke'-iduals grouped in eiijluh'- ol the whole perunl 

ness. For our purpose the important point is this — that either of 
these causes might j)roduce an apparent oscillation in the j^lace of 
the planet. To discover if this were so. I grouped the residuals in 
•my equations of condition according to their epoch into eight columns, 
corresponding to successive eighths (jf the whole period of .'di. IGm., 
and took the means for each column. If there were a sensible 
oscillation in a period of .jh. IGm.. these would lie on a sine curve. 
They obviously do not: there is no sensible oscillation in that period 
(fig. (■)). But notice that if Ave add together the first and fifth, the 
second and sixth, and so on — rhat is to sav. if av(' search for the half 
period of dh. 38m. — we get cpiite strong evidence of periodicitv (fig. T). 
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Xow, the seiniamiilitiide of the oscillation is only 0-03 second, a 
(jiiantity so small that one can not bnt feel doubts as to its reality. 
At first I ^Yas myself inclined to disbelieve : but when a new distribu- 
tion of the residuals, starting from a different zero of time, gave a 
similaj- periodicity, it began to look as if there were something in it. 
The more I look at it the more I believe that it is a reality, and that 
the photograiihs have shown themselves accurate eftough to detect au 
iiiecpiality of 0'03 second, corresponding to a shift of 5 miles at a 
distance of ii.i.OOO.OOO miles — iyv far the smallest inequality in the 
motion of a planet e\'er brought to light b\' observation. 

It is this circumstance that encourages one to believe in the accu- 
racy of the photographs. There are altogether 10,000 separate expo- 
sures of the planet which will within the next few years be meas- 
ured and made avi«lable for discussion. If 300 give a P. E. of 
0 00.“) second, what will 10.000 give, added to G,000 or 7.000 sets of 


Fiu. 7.— grouped iii «iuarter>of Ihelialf period. 

visual observations? It would be going too far to apply the simple 
rules of probability and say a good deal le.ss than O'OOl second. But 
I fully believe that if this great array of observations is ever sub- 
mitted to complete discussion the probable error of the result will not 
1)6 much above O'OOl second. And supposing that it should su25port 
with its greater weight the value 8 SO seconds which has been 
as.sailed. I believe that we should be justified in saying that the solar 
jiarallax is 8 'SO .seconds, and in maintaining the j^roposition that the 
determination of the solar paralla.x is a j^roblem of geometry and 
celestial surveying, and that upon the sponsors of the indirect meth- 
ods lies the onus of showing cause for their disagi’eenient. 

This o])ens iq) an interesting prosj>ect. Siqipose that in course 
of time there should come to be a clear and definite agreement among 
the values found for the constant of the aberration of light, and that 
its value was (let us say) 20 'ol seconds, cori'esj)onding. as this table 
shows, to a Jiarallax of S'TT seconds, not 8 -SO seconds, on the assumji- 
tion at lea.sf that the velocity of light is exactly determined, as it 
seems to be. and that the simjile theory of aberration is correct. 
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Relation hetween solar panilhi-r and constant of ahrrration. 


Aberra- 

IT. 

L'OMti 

S-SOS 

4s 

791> 

•dU 

790 


7H2 

77<> 

dI 

■r>G 

704 


And Mipposc that by that time we are jn-epared to >ay ([uite defi- 
nitely that the o-eometrieal value is. not 8-77 seconds but 8 -SO seconds. 
The most obvious solution of the difficulty would be to conclude that 
the simple theorv of aberration is not true, and to hand over the 
problem to the mathematical physicists, who might in the result find 
that a definite geometrical determination of the solar parallax had 
jjrovided just the criterion which they reepdred to settle certain vexed 
((uestions in dynamics. 

Again, should further investigation confirm the conclusion that 
8-7t) seconds is the only value of the solar ])aralla.x which will 
reconcile the existing theory of the motion of the planet with the 
observed value (jf the constant of gravitation, it may be that the con- 
tradiction between the direct and the indirect methods will at last 
enable the dynamical astronomers to lay a finger upon that flaw 
which exists somewhere or otlu'r in the theory and makes it impossi- 
ble to say at the present time that all the motions of the solar system 
can be completely explained. 

I have ventured to point out that the determination of the solar 
parallax is a problem of wide interest, since it throws upon so many 
different jieojile the task of keeping U 2 ) their j^articular end against an 
attack whose accuracy is gradually becoming more and more deadly. 
The dimensions of the earth, as obtained Iw geodetic operations, are 
necessarily beyond the reach of any criticism derived from solar 
parallax results. 

Rqaatorial radius of earth. 


Mecliain and Delauilire. ITUU U. OCil -74 

Airy, ISUO U, IH;e-S2 

Everest, ]s;:o '.i(;2 -CiT 

Bessel, 1S41 U, !H;2 'Tt; 

Clarke, isns !)U;? -21 

Clarke. ISCiU .‘k UC:! -28 

Clarke. 1878 2. nii::-:!7 

Clarke. 18SO u. ;M;:i-2n 


Extreme ranjie of these detenniuatioiis is only li in 4.000. 
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But it is interesting- to speculate whether astronomers will ever be 
in the position to say. “ We have now determined the solar parallax 
in seconds of arc to a higher degree of accuracy than that of the 
measurement of the earth," and to call upon geodesists for better re- 
sults. I can conceive only one direction in which we may l)e able to 
worry the successors in your corps of Everest and Clarke. Is the 
form of th(“ ecpiator a circle or an ellipse? I believe that there is 
some “light evidence for ellipticity. and that it has been put as high 
as one in three thousand. If that is so. it is just barely possible that 
we may have to introduce into the computation of the parallax factors 
for different observatories a term depending ujton the shape of the 
('(juator. But I confess that this prospect is remote, and that for 
many years, in all probability, geodesists who achieve accuracies of 
one in a hundred thousand and even talk of one in a million will be 
able to take a serene view of the labors of astronomers to arrive at 
the distance of the sun to one part in ten thousand. 



PHOTOGRAPHIXCt lightxixg with a movixg 

CAMERA." 


By Alex Larsex. Cliic.-iso. IB. 


Lightning, with its acooinpaniinont of tininder. has always ex- 
erted a fascinating influence on the thinking mind. It is not strange 
that a people living in jm age when the laws of nature were less per- 
fectly understood should have associated this beautiful and awe- 
inspiring natural phenomenon with the jiowers and attributes of 
their gods. 

The ancient Xorsemen recognized in the rumbling of the thtmder 
the aiiproach of Thor, their most })owerful god, in liis lieavenly 
chariot, drawn Ity his two he goats; and in tlie lightning flash they 
saw the jiath cleaved through the air by the never- failing hammer 
‘•Mjolner," wielded by the mighty arm of Thor when battling with 
the enemies of the gods, the hammer ahvays rettirning to his hand. 
The myth is beatttifitl. and it would seem as if its authors had noticed 
the peculiar flickering of most lightning flashes and associated it 
with the forward and return movement of the hammer. 

The principal object of this paper is to j^hice before its readei’s 
certain facts to account for this flickering of lightning flashes. 

In the latter part of the summer of IBOl, while taking some ordi- 
nary pictures of lightning, the idea occurred to the writer while 
noticing this flickering that if tlu* camera be moved in a circle at 
right angle to the flash the picture ought to show a widening of the 
flash, if it was composed of separate parts, and thereby aho d(‘ter- 
mine its duration. The attempt to do this was made that year, but 
without success. It Avas rejieated again in IBOii. and on July IT 
seieral successful exposures Avere made Avhich clearly showed that 
most flashes are composed of scAcral discharges folloAving one another 
at certain intervals in the iiath made by the first discharge. The 
writer Avas unaAvare at the time that others had experimented in the 
same line and had published their results. 

a The .study of Ih'htniu" flashes liereAvith presented was aided h.v a grant 
.from the Hodgkins Fund of the Smith.soniaii Institution, 
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The camera was moved bv hand, being swung from right to left 
and back again, each swing lasting about one second and covering an 
angle of about (i0‘^. which was also the angle of the lens. The ap- 
paratus employed was an ordinary magazine plate camera, which 
for all ordinary purposes is the most convenient on account of the 
rapidity with which the plates can be changed, this being (T great 
importance, because, as a rule, the time most favorable for obtaining 
good tiictures is very short, seldom lasting longer than from ten 
to fifteen minutes. 

Several more pictures were obtained in The three most in- 

teresting ones up to that year are shown in figures 1. 2. and k. (8ee 
plates.) Figure 1 shows a Hash obtained on duly 17. liK)2. The .lis- 
charge took place between two clouds. It will l)e noticed that it is 
composed of a number of separate discharges (or rushes) and bands; 
as maiiA’ as thirty-foui' can l)(> counted on the negative. As the flash 
covers aliout lialf of the i)lat('. and as the a]ipi'o.\imate speed of the 
camera was about o.ue second to cover the plat(>. or (if)'-', it follows that 
the approximate duration of tliis Ha-h was about half a st'cond. Fig- 
ure 2 shows a flash obtained on July 11. IPOM. 'Phis Hash is inferesfing 
for several reasons. It is composed of fourteen sepairite discharges, 
the first one being the briglitest, and having side brandies jiointing 
downward, proi ing that the Hrst discharge passed from th(.‘ cloud 
to the eartli and that the resistance whicli it had to oiercome must 
have been excessi\e (the side branclu's prov(‘ that). At a distance 
of 3 millimeters from the first rush is another discharge following 
the same path, but without side branches (what a])]M“ar as such are 
really branches from the fii-st rush). At a distance of 12‘.") milli- 
meters from the last discharge will be seen two rushes O-.') millimeter 
apart, and from thei'e for a distance of 10 millimeters are a series 
of discharges close together, foi-niing a liroad band. The dark space 
Avhich divides tliis Hash is a cloud through wliich tlu' discharge is 
[lassiug. Another interesting fact about this flash is that fhe xiath 
of it is spiral shajied. the motion is from right to left, or ojixiosite to 
the motion of the hands of a clock, looking downward from the 
cloud. Figui-e 3 was obtained October 1, f!)03. AVe have here a flash 
coinxiosed. first, of two bright discharges close tog'ether, then there 
appears to be an interval of about a fourth of a second, which in all 
probability was filled in with a numl)er of fainter oscillations (the 
lines running across to indicate that), and at the conclusion 

of the flasli are four fairly bright rushes. 

In the summ(*r of I'.iOI coj)ies of some of the jihotographs were 
sent to tlie Smithsonian Institution for e.xaniination, and tlirough the 
suggestions and assistance of the e.\|K‘rts of that Institution a new 
method of moving the camera was devised. 
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A spring-motor movement (of the kind used to ojierato revolving 
stands for exhibiting goods in show windows) was procured and 
mounted inside a table specially constructed for the juirpose, and a 
stand for sujiporting the cameras was fitted to the central shaft. 

As the S 2 ieed of the motor was too slow, the fly -vane shaft was re- 
moved and the vane moved to the next shaft, which was lengthened 
so as to extend under the table. Thus arranged the fly vane 
coidd be made to revolve in a liquid placed in a vessel under 
the table, thereby jH’vventing much of the vibration and get- 
ting a more uniform speed. Ihgure -1 shows the arrangement of 
the a 2 >iiaratus. The table top is removed in order to show how the 
motor movement is jilaced ; the fly A'ane is seen under the table. The 
stand is usually revolved at a speed of one revolution in ten sec- 
onds, which the writer has found to be the most suitable for ordinary 
imrjioses. The reason for employing a motor movement with a 
uniform speed to move the camera is to ascertain the exact duration 
of a flash or the intervals between the rushes. 

If the angle of the lens and the speed of the camera be known, it 
is a simple matter of measurement to ascertain the duration of a 
flash. The formula emiiloyed is as follows; 


Call tbe uiisle of the lens (la dejri’ees) =.\° 

Time for one rotation of stand (in seconds) =T 

Width of jilute (in niilliineters) =W 

Width of flash measured on plate (in millimeters) =N 


‘^eoX r 

Then time for Hash (in seconds) = — XN 


The measurements should be taken from the middle of the plate, 
owing to the distortion of the lens. 

A number of photograjfhs liave been taken by tliis method, and 
about nine out of ten show the imdtiplicity of a flash. The average 
number of rushes for each flash is about five or six, and the time 
varies from an almost instantaneous value up to about half a second 
for a eomiilete discharge. 

The most interesting discharge obtained is shown in figure 5. It 
was taken September 1, IhO.-). at i) m. The storm during which 
this flash was jdiotographed began about 7 p. m., with the wind 
northeast, which is something very unusual for Chicago. The wind 
gradually changed to north and northwest. The temperature during 
the storm was aliout 21° C., and the barometer varied between 2!) '89 
and 29 -92. The flash M’as obtained when the storm was most sev’ere 
and while it was raining very hard. 

This flash is composed of forty sejiarate discharges, made up of 
one band, which in all probability is comjiosed of a number of sepa- 
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rate rushes or oscillations very close together and one black dis- 
charge. It is this dark discharge which makes this flash interesting, 
and the photograph shows it running parallel and on botli sides of 
the first bright rush, extending O.h millimeter on one side and 0.1 
millimeter on the other, the boundary line on the latter side not being 
very marked. From this black discharge issue several side branches 
on both sides, a large one spreading out over the other rushes quite 
l)rominently. These side branches all pointing downward indicate 
that the black flasli was a downward stroke, and they also tend to 
jirove that it must have had a good deal of resistance to overcome. 
It must have cleared the way for the first bright discharge, which in 
r.ll probability proceeded from the ground upward. The difference 
in width of the bright flash, measured at its lower and upper part, 
would confirm this o])inion, being for the lower part 0.38 millimeter 
and for the iqiper part 0.22 millimeter. 

An interesting (piestion here presents itself. Have we here two 
separate discharges with different rates of oscillation traveling the 
same path? Can such a condition be possible? To the writer's 
mind the most plausible explanation would be that the two dis- 
charges occupied two separate paths, one inside of the other, one 
discharge forming, so to speak, a tulie through which the other passed. 

It may also be claimed that the bright flash is probably part of the 
dark discharge for some reason rendered more luminous. This 
explanation may be the true one, although it appears as if the bright 
flash is entirely separate. The measurements of the width of the 
up})er and lower parts of both flashes confirm this opinion, the 
difference in width of the bright flash being 40 per cent and for the 
dark discharge only 20 jjer cent. Authorities vary in their opinions 
as to the probable cause of these dark flashes. It has been suggested 
])y some that there really are no black di.scharges, but what appear 
as such are excessively bright flashes causing a reversal of the image 
on the plate. This explanation may be the true one if we under- 
stand the word " lirightness ” to mean increased actinic power of the 
light. In the black flash represented this chemical effect must have 
been extremely high, owing to the fact that the smallest hair-like 
extremities of the side branches are well reproduced on the picture 
as black, in comparison with the broader and to all appearance more 
powerful discharges which followed after. 

It was at first thought probable that we had to deal with an inter- 
ference phenomenon, but that idea was discarded. Then it was 
suggested that the black discharge was probably due to slow oscilla- 
tions (the width of it would tend to confirm this opinion), and that 
what appeared as black on the plate would in reality be a dark red 
discharge on a partially illuminated background. This opinion had 
to lie discarded for the reason that, if such be the case, the side 
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branches of the dark flash would have been obliterated by the other 
rushes following. The etfect of halation and solarization was also 
considered, but rejected. There was thus but one way to account for 
the jihenomenon, namely, that the flash must have given out light 
of a wave length much shorter than the wave lengths of visible light 
and with a power suflicient to render the portion of the plate struck 
by it nonsensitive to ordinary light. Such a flash would appear 
black on a partially illuminated background or be invisible. 

Dark flashes have been observed by the writer on several occasions 
iind Old}’ when raining very hard. They appear to the eye the saim* 
as the accidental image produced after looking at a bright flash. 
Such an image may be retained in tbe eye for quite a while after, but 
can not easily be confounded with a real flash. 

Two other pictures of dark discharges have been obtained with 
tlie moving camera, but are not so prominent ; they likewise show the 
first rush as black, but without a bright core and with no side 
!)ranches; one is of a horizontal and the other a vertical flash. 

Below is a table of the measurements of this flash. The angle of 
the lens was 00°. Time of rotation of camera, 1 revolution in 10 
seconds. Width of plate. T27 millimeters. The width of the whole 
flash, 48 millimeters. Time for the whole flash, 0.024 second. The 
average distance between the rushes, 1.2 millimeters. Average time 
for each rush. 0.0150 second. The plate used was a “ Standard " 
ordinary plate. The contrast of the picture has been increased by 
means of a double-contact print with lantern-slide plates. The 
developer ivas ” Rodinal.” Time for developing, five minutes. 

Liphtning fla/ili (fig. -t). 


Designation. 

Di*?- 

tance. 

Time. 

' Designation. 

Dis- 

tance. 

Time. 


Milt 

Second. 


Mm. 

Second. 

Width of black rush 

1.0 

0.0130 

From fifteenth to .sixteenth 




2.6 

.0338 


0 5 


From second to third rush 

.. 

.002l> 

From sixteenth tnseventeenth 



From third to fourth rus.h 

1.2 

.0156 

rush 

.6 

.0078 

From fourth to fifth rush 

1.0 

.0130 

From seventeenth to eight- 



From fifth to sixth rush 

1.0 

.0130 

eenth rush 

. 3 

0065 

From sixth to seventh rush 

. 1 
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From eighteenth to nineteenth 



From seventh to eighth rush... 

.0 
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.0 

.0117 
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From tenth to eleventh rush... 

,7 
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From eleventh to twelfth rush. 

.6 
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From twelfth to thirteenth 
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0091 
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.9 
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1 From twenty-first to twenty- 



From thirteenth to fourteenth 



second rush 
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rush 
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From fourteeenth to fifteenth 



third rush 

2.0 
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rush 


.0091 

Width of twenty-third rush 

.4 

. 0052 
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Liijlitniiig Jtush (fig. .-5) — Continued. 



Dis- 
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i 



In the summer of 


u new 

departure was undertaken 

by the 


writor at the suggotion of the Secretary of the Siiiithsoiiiaii Institu- 
tion. the object being to olitain spectrum photographs of lightning. 

Spei-troseopie examinations of lightning have been made by many, 
but mo'^t of these oliservations have betui visual, which at their best 
can only be rough approximation^^ of the number of lines and their 
relative positions. As far as the writt'r kiH)ws, only one institution 
in the country — the Harvard tkillege ( )bser\ atory — had undertaken 
any work in photographing the spectrum of lightning. 

A crude aj)[)aratus was constructed, consisting of a camera with a 
ho-millimeter prism fitted in front of the lens, no slit being used, as 
a lightinng Hash is a relatively narrow streak of light yielding a prac- 
tically parallel beam. By means of this arrangement a few photo- 
gra])hs have been obtained, two of which are reproduced in figures fi 
.ind 7. A spectrum photograph of a spark from a static machine, for 
comparison, is shown in figure S. 

The sjiectrum shown in figure (> is from a vertical flash, the lucture 
of which was obtained ,Iune is. IhOo. It was about 1.', miles distant 
and was taken at the end of a storm of local character. The spec- 
trum of thi' flash n'sombles that from the static machine in most of 
its details. 
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Figure 7 shows the spectrum of one of those horizontal meamlering 
flashes often seen at the conclusion of a storm of long duration. It 
. was obtained September 1. 1!»0.5. It differs considerably from figures 
6 and S. several lines being absent. The first line of this spectrum is 
probably the same as the eighth line of the spark spectrum. 

Xo definite opinion can at present be offered by the writer as to the 
meaning of these changes of the lines in the sjiectra of different 
flashes; more material must be obtained before a positive statement 
can be made. 

Below is a table of measurements of the three spectra and their 
ju'obable relations. Several measurements have been taken, and the 
average are here presented. 



Cl Baud. ^ Double 


It may not be out of place here to give a few brief hints as to the 
best method for obtaining lightning photographs, for the benefit of 
the large number of amateur photographers scattered over the world. 
T’hunder storms are nearly always cyclonic in their character, their 
diameter varying. When they extend over large areas it will usually 
be found that most of the vertical flashes are at the circumference of 
the circle through which the storm is passing. In the central part of 
a storm the flashes are usually horizontal, or passing between two 
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strata of clouds, therefore the best time for obtaining photographs 
is either at the beginning or the end of a storm. At the beginning 
the wind is usually very strong, hindering the work, so that it is gener- 
erally best to wait until the front of the storm has just passed overhead 
and then to expose the camera from a window or other suitable place 
facing a direction opposite to that of the wind. In this way the 
camei-a as well as the jierson ivill lx* protected from the wind and rain. 
This rule holds good in most cases, although there are many excep- 
tions. especialh’ when the storm is local in character and of small 
extent. A person must be on the lookout at all times and note the 
direction in which most of the downward strokes appear and direct 
the camera toward them. 

It is useless to expose plates when there is nothing but sheet light- 
ning, for it will oidy result in spoiling them. Oftentimes there is a 
mixture* of sheet lightning and a few scattered ground strokes at 
uncertain points. When that be the case, the chances for obtaining 
pictures are slight, the sheet lightning soon fogging the plates, the 
time for fogging in such cases being from five to ten minutes, depend- 
ing on the fretpiency of the reflections. The best rule to follow is to 
wait until a favorable opportunity presents itself, when the flashes 
are about half a mile distant, then act (juickh', have plenty of plates 
ready to insert in place of the exposed ones, and trust to luck. The 
best way of holding the camera when swung by hand is to place it 
close to the body, tilting it somewhat upward, so as to get as much as 
possible of the sky in the picture, and swinging the body from side 
to side. The time and angle of the swing can be regulated with a 
little practice so as to lx* fairly accurate, say one second to the swing, 
although the writer has found by experience that when a sudden 
flash ajipears in front of the camera the evenness of the swing will be 
somewhat ilisturlx-d, particularly if the flash is close to the observer, 
unless the person be in possession of unusually strong nerves. When 
pictures of horizontal flashes are desired the camera must naturally 
have an up and down swing. These flashes are usually less intense 
and the pictures of them sometimes require a very long time to 
develop. 

Th(> developer preferred by the writer is “ Rodinal," being con- 
venient and clean, although any good developer will do, particularly 
such contrast dev elopers as Glycin ” or “ Hydrochinon."’ 

Dirtereiit kinds of plates have been tried, but the writer has no 
special preference for any one of the standard plates. The ortho- 
<-lironiatic plates do not seem to give better results than the ordinary 
ones. Films give trouble in developing, because each exposure must 
be developed separately. 

I igure fi shows the barometer devised by the writer, which he has 
louud very useful in the study of the variations of the atmospheric 
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pressure preceding and during storms. The instrument recommends 
itself on account of the simplicity of its construction, its accuracy, 
and the ease with which the readings can be made, less than one two- 
hundredth part of an inch being easih" read oil' without the aid of a 
vernier. 

The instrument shown in the ilhisti’ation consists of a glass tube, 
one-fourth inch inside diameter, 38 inches long, bent to an angle of 
100° at a distance of 81 inches from the closed end, filled with mer- 
cury, and mounted with the open end dipping into a reservior, which 
in this case is 1 inch in diameter. The open end can also be bent up 
to form a siphon barometer. The scale is placed along the upper 
slanting part of the tube. A pointer is fastened to the lower part of 
the instrument, the use of which is to indicate when it is in an exact 
vertical position, a mark on the wall indicating this position. The 
surface tension of the mercury is overcome by gently swinging the 
instrument and returning it to its vertical position. The calibration 
may be done by comparison with a standard instrument or by actual 
measurements. The bend of the tube may l)e made at a different 
angle, but should not be much less than 100° owing to the surface 
tension of the mercurv. With this angle the instrument will mag- 
nify about six times, which has been found by the writer to be suffi- 
cient for ordinary use. The range of the instrument described is 
about 2 inches, and if a greater range is desired the slanting portion 
of the tube may be made longer or a different angle of the bend be 
substituted, although the proportions given have been found by 
experience to give the best satisfaction. A tube with a small internal 
diameter does not give good satisfaction owing to the surface tension 
being greater. 




Fig. 1.— Lightning Flash Taken July 17, 1902. 



Fig. 2.— Lightning Flash Taken 
July 11, 1903. 





Smi*hsor,i; 


Plate II. 


an Report, 1905 — Larsen 



Fig. 3 .— Lightning Flash Taken October 1 . 1903 . 















SrT'+hsoTan Repo't 1905 — Larsen 


Plate VI. 



Fig 9. —Larsen Barometer. 







THE TANTALUM LAMP.' 


By* Dr. W. \0-\ IJolton and Dr. O. Feuerlein. 


P.vRT I. — I>y Dr. W. vox Boi.tox. 

Mliilst the carhoii-filaincnt iiicandosccnt lamp remained for nearly 
two decades the sole representative of glowdamp manufacture, prog- 
ress was being (piietly made in this art. The firm of Messrs. Siemens 
& Halske has for many years been working at a solution of the prob- 
lem of an economical iueamh'seent lam|). and arrived, some time ago,'' 
at the fundamental principle that the visible ])art of the radiation of 
an incandescent body increases ]>rogressively with its temperature. 
This warrants the ]iostuhite that the most economical lam]) will be 
that whose incandescent material will withstand the highest tem- 
I)erature. 

Messrs. Siemens & Ilalske had arrived at this conclusion and 
charged me several years ago with the task of discovering a material 
which should have a melting point considerably above the tempera- 
ture at which incandescent lighting becomes highly economical, so 
that filaments made of such a material would not melt or disintegrate 
at that temperature. Whilst our laboratory work, founded upon 
this idea, was going on. the first two advances in incandescent light- 
ing were made public, one being the " Nernst ’’ and the other the 
“ Osmium ” lamp. 

There are certain metals the melting points of which arc known to 
be considerably above ‘2,000° C., and the task resolved itself into find- 
ing one Avhich, while fulfilling the above re(iuirement, could be easily 
worked to form a filament, and not be very rare or difficult to pro- 
cure. It was early observed that brown vanadium pento.xide. which, 
according to Berzelius, docs not conduct electricity, is. as a matter of 

“Translation (throuiili the courtesy of Hr. .Vlcxamler Siemens) of a iiaper 
read before flip Elektrotechnischer Verein of Berlin on .Tanuary 17. lUO.'). 

Reprinted, iiy iicrmission. from the Electrician. London. Xo. l-IO-j. Vol. LTV, 
No. !.■), .Tanuary 27. 190.5. 

i Cf. W. Siemens in Eiektrotechnische Zeitschrift. Vol. IV., p. 107. lS.sr!. 
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fact, a conductor even when cold. This observation induced me to 
try whether vanadic acid could not be electrolytically decomposed. 
In this I succeeded, but the melting point of the vanadium obtained 
proved too low for the purpose in view. Since the metals niobium 
and tantalum are members of the vanadium group, niobium having 
an atomic weight double that of vanadium, while the atomic weight 
of tantalum is double that of niobium, it was thought that one or both 
of these metals might prove to have the desired qualities. On ex- 
perimenting with niobium on the lines adopted for vanadium it ap- 
peared that this metal has a considerably higher melting point than 
lhat of vanadium, hut not, however, sufficiently high. Moreover, 
some of the niobium filaments which I made had a very strong ten- 
dency to break up when heated by the electi'ic current. 

Tantalum was tried next. I reduced potassium tantalo-flnoride 
in the manner prescribed by Berzelius and Kose and found that the 
finely divided tantalum so produced became fairly coherent on roll- 
ing, so that by this ti-eatment metallic strips of it could be made. It 
was also attempted to work tantalum oxide into the shape of a fila- 
ment by mixing it with i)araffin and to reduce it directly into the 
form of a metallic thread. In these experiments there was observed 
for the first time a minute globule of molten tantalum, and this 
globule was of sufficient toughness to permit hammering and draw- 
ing into wire. Following out this observation, tantalum powder was 
melted in a vacuum, and then it was found that the highly heated 
metal parted with the gases it contained. In this manner I pro- 
duced my first filaments of pure metallic tantalum, which were, 
however, very small. When these had been used in lamps with 
promise of good results, an attempt was made to devise a definite 
f)rocess of purification. The potassium tantalo-fluoride was reduced 
to metallic powder: this powder contains a small proportion of oxide 
and of hydrogen whicli is absoj-bed during the reduction. MTaen the 
powder was melted in a vacuum the oxide and absorbed gas disap- 
peared and a reguline metal remained; on carefully remelting this it 
became so ])ure that no appreciable impurities could be detected in it. 

The chemical jtroperties of this pure tantalum are very remark- 
able, and some of them are of such a nature as to lead me to suppose 
that nobody other than myself has ever had metallic tantalum in 
his hands. When cold, the material strongly resists chemical re- 
agents: it is not attacked by boiling hydrochloric acid, aqua regia, 
nitric acid, or sulphuric acid, and it is also indifferent to alkaline 
solutions; it is attacked solely by hydrofluoric acid. Following the 
behavior of steel, when heated in the air it assumes a yellow tint at 
about 400° C'.. and the tint changes to dark blue when the tantalum 
IS exposed tor some time to oOO^ C., or for a shorter time to (>00° C. 
Thin wires of the substance burn with low intensity and without 
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any noticeable flame when ignited. It absorbs hydrogen as well as 
nitrogen with great avidity, even at a low red heat, and forms with 
them combinations of a metallic appearance, but rather brittle. It 
combines with carbon very easily, forming several carbides which, 
as far as they are at present known, are all of metallic appearance, 
but also very hard and brittle. The product which Moissan thought 
to be tantalum was clearly a carbide of this nature or an alloy of a 
carlhde with pure tantalum, for Moissan himself stated that his metal 
still contained one-half per cent of carbon. Considering the high 
atomic weight of tantalum (183) it is obvious that a very small quan- 
tity of carbon suffices to carburize a relatively large quantity of 
tantalum. This vuew of the constitution of Moissan's product is 
confirmed by the properties he ascribed to the metal — namely, spe- 
cific srravitv 1^ '8, cfreat hardness and brittleness. These are not 
properties of pure tantalum. When in tlie form of powder, still 
containing, as previously stated, oxide and hydrogen, the specific 
gravity of my material is about 11; when purified by fusion and 
drawn into wire it has a specific gravity of IG'8. It is somewhat 
darker than jjlatinum, and has a hardness about eciual to that of 
mild steel, but shows greater tensile strength than steel does. It is 
malleable, although the effect of hammering is relatively small, so 
that the operation must be rather long and severe to beat the metal 
into a sheet. It can be rolled, as well as drawn, into very fine wire. 
Its tensile strength as a wire is remarkably high, and amounts to 95 
kilograms jier square millimeter, while the corresponding figure for 
good steel is 70 to 80 kilograms, according to Kohlrausch. 

The electrical resistance of the material at indoor temperature is 
0T()5 ohm for a length of 1 meter and a section of 1 square milli- 
meter (sjiecific conductivity as compared with mercury 6-06). The 
temperature coefficient is positive and has a value of 0'30 between 
0° C. and 100° C. At the temperature assumed by the incandescent 
filament in the lamp at 1 ’5 watts per candlepower, the resistance 
rises to 0'830 ohm for a length of 1 meter and a section of 1 square 
millimeter. The coefficient of linear thermal expansion between 
0° C. and G0° C. is 0-0000079. according to ex])eriments made by the 
Imperial Xormal-Aichungs commission. Fusion is preceded by a 
gradual softening, which appears to extend over a range of tempera- 
ture of several hundred degrees. The specific heat is 0-03(>r). so that 
the atomic heat is fi -GI, which is in accord with the law established 
by Dulong and Petit. 

Part II. — By Dr. O. Feueri.eix. 

The results of the work carried out in our chemical laboratory, as 
described by Doctor von Bolton in the fir--t part of this paper, were, 
of course, of the utmost intere-'t to our incandescent lamp manufac- 
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tiiring department. As soon as Doctor Bolton's experiments showed 
that the originally brittle tantalum could ho made ductile enough to 
draw into wire by the usual methods, and that this wire could be bent 
and coiled like a thin steel wire, it became possible to test it thor- 
oughly as to its usefulness for incandescent lamps. The first trials 
with wires of about 0 '3 millimeter diameter gave most promising 
results. They confirmed the fact that tantalum has a very high melt- 
ing point and that it is but slightly siiljject to disintegration in a 
vacuum, even when subjected to a heavy current. 

The first tantalum lamp that proved moderately satisfactory in that 
it admitted of an exact measurement of the electric photometric 
conditions and stood a burning test for some time, was completed 
just over two years ago, viz, on December 2S, 1902. This lamp had 
a loop-shaped filament made of the first tantalum wire ever drawn. 
The diameter of the wire was 0-28 millimeter, its effective lighting 
length al millimeters, and its eh'ctrical resistance when cold 0'2!) 
ohm. This corresponds to a specific resistance ( 1 meter length. 1 
s(piar(* millimeter section) of 0'331. The photometric measurements 
made at efficiencies of 2, If, and 1 watt per Hefner candlepower 
showed potential differences of ■!•!). 4 •!);■). and 5-!) volts, currents of 
5, o-4r). and 0-2 amperes, and illuminating values of 11, IS, and 37 
Hefner candlepower, respectively. On being burnt at 1 watt per 
candlepower the lamp had a life of twenty hours, during which it 
blackened considerably. 

As the chemical and mechanical manufacturing processes devel- 
ojjed and the material became purer and the wires more uniform, the 
results obtained also improved. The lamps lasted longer and black- 
ened less: at the same time the specific resistance decreased until it 
had dropped to the present figure of for the j)ure metal. It is 

clear that the material used for the first lam])s still contained a con- 
siderable (piantity of impurities, probably niobium and carbides, 
which caused the great disintegration and the nearly double sj)ecifi(^ 
j'esistance. During these first trials we looked very carefullv into 
the (jiiestion as to what dimensions the filament of a tantalum lamp 
ought to have for (jrdinary voltages and illuminating values. F rom 
the dimensions of the filament used in the first lamp we calculated 
that, with this rather impure material, we should recpiire a filament 
about .ikO millimeters long and O-Oti millimeter diameter for a lanij) 
for 110 volts. 32 Hefner candlej)Ower. and 1 ’r) watts jjer candle- 
power. These mumual figures increased when the sjx'citic resistance 
of the material had dindidshed to the pre.sent value of OTOr), at which, 
for a 32 Hefner candlepower lamp, a filament of about 700 milli- 
meters in length by 0 -O.ir) millimeter in diameter was reepdred; for 
a 2;) Hefner candlepower lamp a filament of about OoO ndlli.neters 
by 0-0.J millimeter diameter was required. Thus, in order to con- 
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struct a practical and Uhcfnl lamp for standard voltages and illn- 
ininating values, we had to solve the problem of drawing the tanta- 
lum wire in sufficient length down to a diameter of O’O.) millimeter 
to 0 'OG millimeter ; this we succeeded in doing after long and labori- 
ous trials. 

Ill July, 1903, we possessed the first tantalum lamp with a filament 
of about O’Oo millimeter diameter. It had a loop-shaped filament 51 
millimeters long, and it took 0'5S amperes at 9 volts and gave 3 '5 
Hefner caiidlepower at 1 -5 watts per candlepower. On the basis 
of these figures a lamp having the same (pialitt" and diameter of wire 
and working at the same efficiency on a 110-volt. circuit woidd have 
a filament G5() millimeters hnig and would give 43, Hefner candle- 
])ower. d’he experiments thus far had prow'd that the task of pro- 
ducing lamps for 110 volts and a maximum of '25 to 32 Hefner candle- 
jjower was jiot an easy one in several respects. We had to solve the 
jiroblem of suitably and reliably fi.xing a filament rather more than 
2 feet long within a glass globe, which should not exceed to any great 
extent the dimensions of the usual incandescent lamps. The first 
and most obvious attempt was made, of course, by adhering to the 
loop shape and accommodating the retpiired length of wire by connect- 
ing several such l)ows in series within the lamji. However, lamps 
made according to this plan with two to four tantalum loops gave 
i-esnlts which were anything but satisfactory. 

It appeared that, like all other metallic filaments which have hith- 
erto been n^ed for incandcM'ent lamps, tantalum wire softens sensibly 
at the temperature attained when worked at 1. -5 watts ])er candle- 
])ower. To use loop-shaped or spiral filaments similar to the carbon 
filaments of the common incandescent lamps was. therefore, out of 
the (jne'-tion. There was no difficulty in suspending the loops, but in 
that case the lamps would have to be lued exclusively in a vertical 
])osition. a limitation which we widied to avoid in all circumstances. 
Besides, such a construction would necessitate staying the loops firmly 
to ])revent them from becoming entangled with each other during 
transport of the lamps. Xordid lamps made with loop' of corrugated 
wire (fig. 1) or of plain or corrugated metal ribl)on give satisfaction: 
for although the loops were certainly shortened in this way, there 
were other drawbacks which caused us to abandon this construction. 
It soon became apparent that the one road to success lay in the direc- 
tion of dividing the filament into a number of short straight lengths 
supported at their ends by insulated hohlers. In this manner we suc- 
ceeded at last, in September. 1!103, in producing the first really serv- 
ici'able lamjis for about 110 volts. This lamp is illustrated in figure 2. 
and it will be seen that it contains two glass disks cast to a central 
win* holder: each disk carries laterally twelve arms having small 
hooks at their ends and insulated from each other. Through these 
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twenty-four liooks the thin tantalum wire is drawn np and down be- 
tween the two disks. This is believed to be the first metallic incan- 
descent lamp for nearh' 110 volts which, like the common carbon 
glow lamp, can burn in any position whatsoever. This lamp sup- 
plied about 30 Hefner candlepower on a 94-volt circuit at 1 ‘5 watts 
2 )er candlej)ower. It lasted for Sk)0 hours, and lost during that time 
9 '5 jx'r cent of its illuminating poAver. 

After this first j)ractical success we redoubled our efforts to imjArove 
the lamp further. As far back as about the middle of October, 1903, 



Fig. 1. — Lump willi cor- Fig. 2. — Early tjpe of Fig. 3.— Tantalum lamp with 

rugated liiament. tantalum lamp. filaments fixed obliquely. 

we succeeded in making the first 200-volt tantalum lamp, which was 
of a design similar to the lamp just described, but Avith eighteen arms 
on each disk and Avith a greater distance betAveen the tAvo disks. I 
may add at once that it is of interest only as a curiosity, for it has 
.served no practical jmrjmse. The length of its filament Avas 1,350 
millimeters and the illuminating value about GO Hefner candle- 
jAOAver. In the coui>e of further deA’elopment the form of the frame 
of AA'ire filament for the 110-A’olt lamp Avent through different stages, 
the principle of subdivision being aht-ays folloAved. Among other 
constructions. Ave tried some in Avhich, instead of one long filament. 
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a number of short pieces of Avire were fixed on a supporting frame: 
these pieces, connected in series, made up the total length required. 
Figure 3 represents a lamp thus constructed, the Avire being fixed 
obliquely in sixteen straight piece-, betAA'cen two insulated supporting 
stars. Such lamps offer the adAuintage that short pieces of filament 
can be used in the manufacture, but they are only reliable if the 
wires used in the same lamp 
are absolutely uniform in di- 
ameter and quality. In the 
end AA'c arriA’ed at the shaj)e 
rejAresented in figure 1, Avhich 
is for 110 A'olts, rlT) candle- 
poAA'er. and 1 o AA'atts per 
Hefner candlepoAver. In this 
form, differing from most of 
the preA’ious constructions, the 
central support consists of a 
short glass rod carrying tAvo 
disks, into Avhich the arms, 
bent upAvard and downAvard 
in the shape of an umbrella, 
are cast. The ujiper star has 
eleven, the loAver tAvelve arms, 
each upper arm being in a A-er- 
tical plane midway betAveeu 
the A’ertical planes in AA’hich 
two adjacent lower arms lie. 

BetAveen these eleven a n d 
tAA’elA’e arms, Avhich are bent 
into hooks at their ends, the 
entire length of the filament 
is drawn in a zigzag fashion. 

Its extremities, held by Iaao of 
the loAver arms, are connected 
Avith the foot of the lamp by 
means of platinum strips. 

The standard ttpe for 110 
A'olts d.-) Hefner candlepoAver and 1 ■'> Avatts per candlepower has a 
filament 050 millimeters long and 0 0.5 millimeters in diameter. The 
AA'eight of this filament is 0 -022 gram, so that about d-l.OOO lamps 
contain together 1 kilogram of tantalum. The shajie of the glass 
globe is adapted to the frame described aboA'e. Care has been 
taken to make it of a size not exceeding the usual maximum dimen- 
sions of common incandescent lamps of the same candlepoAA’er 
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(25 Hefner caiidlepower 110 volts). Thi.s shape otfers a number 
of noticeable advantages. Iii the first instance it is very stable 
and will stand strong shocks without damage to the lamp. A con- 
siderable number of such lamps sent across the sea to test their ability 
to withstand the hardshiiDs of transport came back unhurt, although 
they had been ^jacked just like common glow lamjjs, and no 
special care in any respect had been taken in their handling. The 
lamp burns, of course, in any position, and can therefore be held in 
any kind of fitting. The light is rather white and agreeable, and its 
effect is jjarticularly uniform if the lamp is provided with a ground- 
glass globe. 

lAe shall now proceed to describe the electric and i>hotometric 
properties of the lamp and its l)ehavior in actual use. Xumerous 
trials for lengthy periods of time at 1 to 3 watts per candlepower 
have proved the vast superiority of the tantalum lamp over the 
carbon filament lamp under eipial eler-tric and photometric conditions. 
Expressing this fact in figures, we can state that the tantalum lamp 
consumes about 5(1 per cent less cun-ent at the same voltage, with the 
same intensity of light and the same useful life: or that, at the same 
economy, its life is se\ eral times that of the carbon type, iloreover, 
at an initial efficiency of 1 \> volts per Hefner candlepower the tanta- 
lum lamp has an average life quite sufficient for all practical require- 
jnents. so that this rating has been standardized for the 110- volt 
lamp. Trials ha\e also prov(‘d that the lamps have a life of several 
hundred hours at 1 watt per Hefner candlepower. but in that case 
they were verv sensitixe to variations of pressure and often showed 
an early decrease of illuminating j)ower. The useful life of the 
tantalum lamj) — i. e.. the time within which it loses 20 per cent of 
its initial illuminating power — averages betxveen 400 and (>00 hours 
at 1 '5 xvatts per Ilefnei' candlepower. Some s 2 iecimens have |)roved 
to have a usefid life of as much as 1,200 hours, ddie absolute life, in 
general, amounts to SOO-1.000 hours under normal xvorking conditions. 
Further, xve have to remark that the tantalum lamji blackens but 
little xmless it has been strongly ovei'hcated during work in conse- 
quence of partial short-circuiting of the filament. 

It is very interesting to ob.-erve the Ixehavior of the tantalum 
lamjx during the xvhole course of its life. The first fact worthy of 
note is that, like some carbon lamps, the illuminating value increases 
at the beginning, generally after a few hours, by 15 to 20 per cent. 
In the same way the consumption of current rises by about 3 to 
G per cent, xvhile the consumption of energy drojxs to 1-3 to 1 ‘4 
watts j)er candleixower. After that the illuminating value gradually 
decreases, xvhile a corresponding increase of the consumption of 
energy occurs. The average behavior of the 25-candlepower lamp 
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i;t 110 volts with reference to its viirious periods of life is shown in 
the following table: 


Life in 
hours. 

Intensity ol| 
light in 1 
Hefner 
candle- . 
{•nuers. ! 

Consumption 
of eiirrent in 
amperes 

Watts per 
Hefner caii- 
tilepower. 

0 

25-27 

0 3fi-0 

1 lVI -7 

5 

2S-31 

0 37-0 -50 

1 -3-1 -5 

lf.0 

25-27 

0 -36-0 -38 

1 -5-1 •() 

:m 

22-24 ' 

0 '3»V-0 

1 -7 

500 

i 20-22 , 

0 30-0 'IIS 

1 y-2 -0 

1,01)0 

; is-20 

0'3.')-0 37 

2 -1-2 -2 


The initial increase of illuminating value and t)f current consumed 
is doubtless caused by a change in the structure of tlu' tantalum 
wire, this change being ac- 
companied by a reduction 
of resistance and. conse- 
quently, of the phenomena 
resulting therefrom. We 
may say at once that after 
a certain amount of use the 
filament presents a radical 
change in ap 2 )earance when 
viewed with the naked eye. 

AVhile the fresh filament 
has a 2 terfectly smooth and 
cylindrical surface, it ac- 
(juires a iJcculiarly glisten- 
ing as^ject as it grows old, 
so that a lan^) having 
served for some time can 
be readily distinguished 
from a new lamp. l\lien 
looked at under the microscope, the filament that has burned for a 
length of time shows a clear tendency toward contraction and forma- 
tion of dro 2 )s or beads. Figure ■'> is an illustration of a piece of 
filament in its fresh state and of the same jiiece after 1.000 hours of 
service, the sjwciinen in each case being magnified one hundred times. 
This gradual shoidening of the filament can also l)e observed in the 
lamj^s themselve<, and offers a further indication of the age of a lami3. 

Figure O rei)resents the filament frame of a new lamii. It will be 
noticed that the tantalum wire is led uj) and down and hangs loose 
on the supporting frame in easy Avide arches, without sliai'i) bends. 

SM 1U05 



Fig. 5 — Tantalum filament, 
before and after 1,000 
hourir’ use 



Fiu. 6 —Filament frame 
of a new lamp 



138 


THE TANTALUM LAMP. 


But iifter being used for some time the aspect of the lamp is quite 
(liri'erent. As shown in figure T, the wire has contracted, the wide 
arches have disappeared and sharp-pointed angles have taken their 
place. 

The behavior of these lamps is most peculiar when the filament 
has burnt through. While with all other incandescent lamps the 
burning through of the filament is tantamount to the economical 
death of the lamp, it may happen with tantalum lamps that they 
burn through several times without being rendered useless; on the 
cuntrarv. each burning through is followed by an increase, often 
considerable, of the illuminating power. This peculiar result is 
due to the fact that in many cases a broken wire conies in contact 
with its neighbor, so that the circuit is again established. A part 



of the filament is thus cut out of the circuit, and the lamp conse- 
quently burns more intensely, and sometimes even too intensely, in 
which case, of course, oidy a sliort span of life is left to it. Yet we 
have had more than one lamp under observation, the filament of 
which broke for a first time after a short period of service and then 
broke repeatedly, but notwithstanding this the lamp lived more than 
1.000 hours. We have often succeeded in rendering a lamp with a 
broken filament servicealile again by tapping it to bring the broken 
piece into contact with its neighbor. Figure 8 represents the frame 
of a lamp in which the filament was burnt through in three places, 
and yet continued to do service. For the sake of clearness, the 
back spans of the filament have been omitted in tlie drawing, while 
the front spans wliich were caiTving the current are drawn in 
specially heavy lines. 
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It must further be mentioned that after serving for some time, 
say 200 to 300 hours, the tantalum filament loses a great deal of its 
mechanical resistance, while, as has been stated by Doctor Von 
Bolton, tantalum wire, when new, has a greater tensile strength than 
steel. It becomes brittle and will break easily in the course of its 
life as a filament. It is therefore advisable when lamjjs have served 
for some time not to remove them from their old fittings and j)ut 
them into new ones, as that might easily cause the filament to break. 
New lamps are not very sensitive to strong shocks, even while burn- 
ing. but when this alteration in the filament has occurred it is mt‘ 11 to 
preserve them from shocks. 

The behavior of the tantalum lamp under a very great increase of 
voltage is of special interest to the incandescent-lamj) maker. As 
was to be expected, the trials 
made in this res 2 :)ect have also 
shown the superiority of this 
lamj) over the carbon lann>. It 
has been ascertained that tanta- 
lum lamps for 110 volts, 25 Hef- 
ner candlejjower and 1 -5 watts 
I)er candlei)ower only burn 
through at 2()0 to 300 volts if 
the pressure is increased slowly 
and gradually, while with car- 
bon lamps designed to work un- 
der the same conditions nothing 
like that figure can be obtained. 

The superiority of the tantalum 
lainji over the carbon lamp with 
I’egard to blackening of the glass 
globe can also be proved in a few hours by means of com 2 )arativc 
burning tests at about 30 23er cent overload. 

Another advantage of the tantalum lamp over the carbon lamp is 
that the resistance of tantalum, like that of all other metals, strongly 
increases with the rise of temperature, while carbon is known to 
diminish in resistance when it is hot. In figure !) the variation of 
the resistance of tantalum and of carbon as a function of the voltage 
is gra 2 diically represented, the pressure being assumed as 100 volts 
and the resistance at 100 arbitrary units when the efficiencv is 1 • 5 
watts 2 ier Hefner candle 2 Jower. so that for each 2 )ct cent of variation 
of voltage the res 2 )ective percentage of variation of resistance is 
shown. It will l)e seen in the first instance that the resistance of the 
tantalum increases to more than five times its original value from the 
cold state to 1 • 5 watts 2 >er Hefner candleimwer, while the resistance 
of the carbon decreases to about one-half of its initial value. It will 



9.— Variation of resistancu with voltage of 
tantalum as compared w ith carbon. 
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further be noticed that even afterwards the resistance of tantalum 
goes on rising, while the resistance of carbon keeps dropping. 
Therefore the increase or decrease of pressure causes the strength of 
current, and with it the illuminating value, to rise or fall at a quicker 
rate in the carbon lamp than in tlie tantalum lamp, and. consequently, 
the latter is less sensitive to variations of pressure than the former. 

Having thus related the whole history of the development of the 
tantalum lamp and fully entered into a critical comparison between 
it and the carbon filament lamp, we need scarcely add that we do 
not intend, of course, to be satisfied with what we have already 
obtained. For the time being, however, and until a larger building 
has been erected for the production of tantalum, our firm has resolved 
to keep to the type for whicli there is an immediate practical demand. 
That is the lamp for 100 to 1:20 volts, which supplies :25 Hefner 
candlepower at 110 volts, or will have a higher or lower illuminat- 
ing value if worked at correspondingly higher or lower voltages. In 
conclusion. I would recapitulate the properties which we claim as 
peculiar characteristics of our invention as follows: 

1. The tajitahim lamp has a filament made of a metallic conduc- 
tor, and burns at once on being connected without any previous 
heating. 

22. The light-giving wire is prepared by melting in a vacamm and 
drawing. It is tough even in the cold state, and can therefore be 
coiled atid fi.xed in the lamp wheii cold. 

3. A relatively great length of wire can be placed in a sinq)le man- 
ner within a bulb of ordinary <limensions. 

4. Tantalum ore exists in considerable (piantities and can be easily 
procured. 

T). Similar principles of treatment can be atlhibitetl to other metals 
of a very high meltmg point. 
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By A.\u!1!OSe Swasey, Cleveland. Ohio. 


xVs we open this, the twenty-fifth annual meeting of the American 
Society of Mechanical Engineers, the history of the society for a 
(piarter of a century comes before ns, and it is an occasion when it is 
especially appro23riate to make some mention of the growth and 
progress of the society since it was organized. 

At the lieginning of the society who woidd have dared to jiredict 
the wonderful advance that has lieen made in mechanical engineei-ing. 
There was indeed a great field for work for just such a society. The 
long list of meetings which have been so fully attended and so valu- 
alile to the members; the transactions, with their records of addresses, 
2)aiiers, and discussions by men of experience in nearly every branch 
of mechanical engineering, and the constant growth of the society 
until at the present time it has a menibershii) of nearly :2,i)00, all go 
to show that from the beginning it lias been an earnest and pro- 
gressive organization, and a most important factor in the jirogress 
of mechanical science and of the mechanic arts. 

Not only those of us who were counted among its first members, 
but those wild from year to year have been added to its membership, 
may well feel proud of its splendid record. 

The scojie and influence of the society, wliich has been constantlv 
increasing in the jiast, will surely coufinue. aud never was its future 
brighter than at jiresent. 

For the subject of my address I wish to speak of a few of those 
methods and mechanisms which have been develojied and iierfected 
to such a degree of refinement that they may be con"^idered as almost 
beyond the practical, and yet were it not for such refinements they 
could not possibly be made to serve the utilitarian jiurposes which 
make them of such inestimable value to us all. 

The division and the measurement of time is to-day. as it ha^ been 
for ages, among the most important of the subjects affecting the wel- 
fare of mankind, and as time has rolled on and there has been a better 

" I’resuleTit's address. .Vinerican Societ.v of Mechanical Ensineers, Decenilier 
Cl, Keiirinted from author's corrected copy. 
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iiiulerstiindiiig of the laws governing the universe, nearer and nearer 
has been the approach to perfection in the working out of these dif- 
ficult problems, but the many limitations surrounding them have 
always kept their full solution somewhere in the future. 

The diurnal revolution of the earth, which gives the solar day, and 
the revolution of the earth around the sun, the solar year, are the 
arbitrary divisions of time marked off with the utmost precision 
by the celestial l)odies; and while the length of the solar day has, 
from before the Christian era, been fairly well defined, the length of 
the solar year was but approximately known until within a few hun- 
dred years. 

The length of the year as counted by the Julian calendar was too 
long by eleven minutes and fourteen seconds, and this error amounted 
to ten full days in the sixteen hundred years from the time the 
Julian Calendar went into etfect until the introduction of the (tre- 
gorian calendar. 

A few years ago, when visiting the Vatican Observatory. I was 
particularly interested in the (jregorian tower, which forms a part of 
the Vatican Library Building. After passing through a number of 
rooms which are used in connection with tlie observatory, when near 
the top of the tower. I was taken into the spacious and beautiful 
calendar room, the walls of which are covered with paintings of the 
liighest order, executed centuries ago. under the direction of Pope 
Gregory XIII. In the center of the room and forming a part of the 
floor there was a large marble slab, on which was cut a fine line 
exactly in the true meridian, and upon the line was a special mark 
which indicated the altitude of the sun at noon of a certain day. 
On the south wall, near the top of the room, there was a small aper- 
ture through which the direct rays of the sun passed at noon, project- 
ing a lu’ight spot on tlie meridian line. 

All of this had l)een planned and executed by the astronomers in 
order that they might demonstrate the necessity of reforming the 
calendar, and when at noon on the 11th of March, 1582. Pope Greg- 
ory saiv that the altitude of the sun as shoivii by the beam of light 
was not for that particular day. but for the day ten days later, he 
directed that ten days be stricken from the calendar, and that day 
should be the 21st of iMarch instead of the 11th. 

With such precision had the astronomers determined the true 
length of the year that our present calendar, with its intercalations, 
will continue on for twenty thousand years with an error not to ex- 
ceed a single day. 

The line on the marble slab and the aperture through the wall of 
the calendar room were devices simple in the extreme, and in this day 
of instruments such a method would hardly be considered, yet they 
served their purposes admirably, and the jilacing of that line on the 
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true iiieridian, with an accuracy never l)efore attained, was consid- 
ered one of the greatest scientific achievenients of that age. 

Since an unknown time the day has been divided into twenty-four 
hours, and as civilization has advanced the greater has l)een the ne- 
cessity for the utmost precision in tlie measurement of each hour with 
its subdivisions. 

The sun dial is not only the earliest, but the most interesting of all 
tile numerous arrangements that have been devised for measuring 
the divisions of the day. Notwithstanding its limitations, it has 
been a subject which has attracted the brightest minds for ages. 
Within these later years there has heen a renewed intei’est in this an- 
cient timekeeper, not only in copying the types of dials, which are 
valuable because of their antiquity, but in working out new forms. 
Eecently a new dial has been invented by which the rays of the sun 
will indicate the true mean time for each day of the year with an 
error not to exceed one minute. 

The hour glass, which came later, was consider'd a much more 
practical method, inasmuch as it coidd be used either day or night, 
and because its use was not confined to a particular location: how- 
ever. as a timekeeper it was not satisfactory, even in those early 
days. 

The clepsydra, or water clock, which is supposed to have been in- 
vented by the Greeks, was found to be a much better tiinekeeper than 
either the sun dial or hour glass, and it was a great step in advance 
toward the accurate measui'emeiit of time. 

These water clocks are to this day used extensively in the East, 
more especially in China. Those first used by the Greeks consisted 
of two water jars so arranged that the water from the upper ran into 
the lower, and the time of day was determined by measuring the 
depth of water in the upper jar, and at sunrise each day the water 
was returned to the upper jar. In the city of Canton there is a water 
clock which has been running for eight hundred years, and at the 
present time it is the standard clock of that city. This clock consists 
of four water jars, each having a capacity of 8 or 10 gallons. The 
jars are placed one above the other in the form of a terrace, the 
three upper ones being provided with a small orifice near the bottom 
through which the water drops into the jar next below, and so on 
down from one to the other until the water reaches the lowest or 
registering jar. In this there is a float, to which is attached an up- 
right. having graduations for the hours and parts of hours, and as 
the water rises the time can be determined ])y noting the height of 
the float in relation to the cros.sbar at the top of the jar. 

In this improved form of water clock the variation in the flow of 
water due to the difference in height is overcome by having a series 
of jars, the outlet of the upper being so gi'aduated that there is but 
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little variation in the height of water in the second jar. and in the 
third the height remains practically uniform, tints insuring a con- 
stant head for the water which drops into the registering jar. At 
the heginning of each day the water is taken from below and carried 
up a flight of steps to the top. 

That such an arrangement lias some elements favorable to the ac- 
curate measurement of time there can he no doubt. It certainly has 
the element of simplicity, and notwithstanding its long service, the 
only wear noticeable was confined to the steps leading to the up- 
per jar. 

Clocks of the present type, although used as far back as the twelfth 
century, and iiossibly earlier, were but fair timekeejiers until several 
centuries later. Those which tlie astronomers used in their observa- 
tories at the end of the fifteenth century were so unreliable that mod- 
ified forms of the clepsydras of the ancients were used, and as they 
did not prove to be satisfactory, most of the observations were made 
without the use of clocks. 

Galileo's beautiful discovery of the isochronism of the jtendulum 
from the swinging chandelier in the cathedral at T^isa tvas of great 
value in many resjiect^. but in none more so than in its application 
to the measurement of time. 

Soon after that great discovery the English clock maker, Graham, 
invented the mercurial pendulum, by which the variation in its 
length caused by the ilift'erence in temperature wa,-. fully compensated, 
and some years later Harrison, another Englir.h clock maker, invented 
a compensating pendulum, which consisted of a series of nietal bars 
having different coefficients of e.xpansion — so that two hundred years 
ago. as it is to-day. the penduhun was the nearest jierfeet of all the 
devices that have been emj)loyed for governing oi" controlling the 
motions of a clock mechanism. 

Everv part of the clock down to the minutest detail has been the 
subject of study and improvement, and clocks are made and adjusted 
with such precision and (hdieycy that in testing them the question is 
within how small a fi-aetion of a second will they run. Xot content 
with their marvelous j)erformanee ivlnui under normal emiditions, 
some of the finest astronomical clocks are surrounded by glass or 
metal cases, in which a ])artial v.acuum is maintained, and in order 
that the cases may not be opened or di-turbed tin* winding is done 
automatically by means of electricity, the frequency of the winding 
in somt* cases being as often as once every minute. These clocks are 
set up in es|)eeially constructed rooms or underaround vaults, where 
they are free from jar or vibration, where the temperature and 
barometric conditions remain practically constant, and where every 
possible jjrecaution is taken to further minimize the (‘rrors of the 
running rate. 
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A clock in the observatory at Berlin has rnn for several months 
under these favoralile conditions vith a rate having a mean error 
of but fifteen one-thousandths of a second ^ler day and a maximum 
error of thirty one-thousandths of a second per day. 

Another clock, installed at the observatory of Case School of Ap- 
plied Science, at Cleveland, running under similar (‘onditions, also 
has a mean error of fifteen one-thousandths of a second per day, with 
a maximum error for several months of bid twenty-two one-thou- 
sandths of a second per day. 

These are notable examples of the present state of the art of clock 
making and show the wonderful precision with which minute inter- 
vals of time can be measured. 

From the time of the invention of Feter Hele, in 1477, of the 
“ Xuremlmrg animated egg," or “ pocket clock," which required 
winding twice a day and varii'd an hour and a half in the same length 
of time, the development of tlie watch has kept jiace with the 
mother clock " and followed closely to it in time-keeping qualities. 

These marvelous little machines, whether made at the homes of the 
peasants among the hills and mountains of Switzerland, where the 
skill required for making a single part has been handed down from 
generation to generation, or made in the great factories of tliis coun- 
try, where fully •i,()00,0(M) high-grade movements are turned out 
annually and where the skill of the workmen has been sujiplemented 
by modern methods and machinery, are, notwithstanding the difficul- 
ties attending their manufacture, jirodiiced so cheaply as to be within 
the reach of almost everyone. 

The larger watch, oi' ship chronometer, witli its escapement so 
delicately made and adjusted that it must always be kejjt in the 
same position, was greatly im[)roved through the eti'orts of the Brit- 
ish (xovernment in 1714 by ottering rewards of tim. fifteen, and twenty 
thousand pounds to any who should make chrononuders that would 
run so accurately that the longitude of a ship at sea coidd be deter- 
mined within ()0. 40. and 30 miles. Harrison, the inventor of the 
compensating jiendulum and the compensating balance, which is now 
used in watches, succeeded in making a ehnuiometer which, after 
being tested on a long lunage, was found to run so closely that the 
position of the ship was determined within 18 miles, and he was 
therefore paid the full award of historic chronometer, 

whii'h marked a new era in navigation, is now numbered aiuoiur the 
treasures of the (Ireenwich Observatory. 

Modern ships are equipped with chronometers so accurate and so 
reliable and with sextants of such jirecision that navigators can 
determiiK' their j)osition in latitude anil longitude within a few miles. 
4'herefore. with the increased speed of the powerful shijis. carrying 
hundreds or even thousands of passengers, together with their vai- 
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liable cargoes, the methods and instruments used in navigation have 
been so inijiroved as to greatly diminish the dangers in crossing the 
seas. 

The perfection attained in the measurement of time, which is of 
such great practical value in nearly every sphere of life, -would not 
have been possible were it not for the even greater refinements that 
have characterized the methods and instruments used by the astrono- 
mer in determining the length of the day and of the year, which are 
the fundamental standards of time. 

The divi>ion of the circle and the measurement of angles have 
ever lieen among the unsolved problems of the astronomer, yet in the 
instruments usial by him circles have formed a most important part. 

Long befori' the tidescopi' was invented. Tycho Brahe, the Danish 
astronomer. '• the founder of modern astronomy," constructed for his 
observatory instruments of various kinds having graduated circles 
and arcs of circles. His instruments for the most part were improve- 
ments on those used by Arabian astronomers in the eighth and ninth 
centuries, and these in turn were copied after similar instruments used 
by lh(' (freeks atid Egyptians a thousand years previous, and it is sup- 
posed that such instntments were used by the Chinese at an even 
earliiu' [leriod. so that graduated circles have come down to us from 
the far-otf ages. 

Idle longer tla“ radiu< t!ie more aciuirate the graduations, was the 
principle upon which the early instruments were made. The Ara- 
bians in about the year 1000 laiilt a se.vtant with a t;0-foot radius 
and a <iuadraut witli a I'l-foot radius, but to Tycho Brahe is due the 
(“redit of constructing instruments having circles much smaller in 
diameter and graduated with a greater precision than ever before. 
It was by the use of such improved instruments of his own making, 
and l)y his oliservatious wliich were madi' withotit a telescope or any 
mean-- of magnification, tiiaf he was able fo give the positions of a 
largi' number of stars within less tlian one mintife of arc from the 
positions given by modern astronomers. 

The graduation of an S-foot mural circle in 1725 by Graham, of 
England, for the National ( fliservatory, and of an 8-foot quadrant 
liy Bird, in 17('>7. were notable steps in advance in the division of the 
circle and tlie measurement of angles; but the.se and similar instru- 
ments. ahhottgh their efliciency was greatly augttmented 1)\" the use of 
tile telcscopi'. hav(' been supplanted by others more practical. 

The first circular dividing engine was made in 1740 by Ilenrv Hind- 
ley. of 'I'ork. England, for cutting tlu‘ teeth of clock wheels, and it is 
interesting to note that in the same year Huntsmann, another clock- 
maker. of .'shetlii'Id. invented the proce.ss of making crucible steel, 
that he might have a metal suitable for the springs of his clocks. 
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Of the several engines constructed later the one most successful 
and representing the greatest progress was that made by Ilamsden 
in 1777. This engine, automatic in its movements, was made espe- 
cially for graduating circles, and because of the gi’eat precision with 
which he divided the circles of the instruments used by the Govern- 
ment the board of longitude awarded him the sum of £61.5. A fur- 
ther and most potent recognition of the excellence of his work lies in 
the fact that all subsequent circular dividing engines have followed 
closely the same general principles of construction embodied in the 
Ramsden engine. 

It is most gratifying to all those who are interested in mechanical 
progress that the Ramsden engine has been preserved throughout all 
these years and now stands in the Museum of the Smithsonian Insti- 
tution at Washington as a monument to the one who made it and as 
the best example of that time of the art of graduating circles. 

Many excellent dividing engines have been made that are quite 
sufficient in point of accuracy for the work for which they were 
intended, but the perfection required in the graduation of circles for 
astronomical instruments is such that it has been found to be one of 
the most difficult of all mechanical pi’oblems to make an engine that 
will meet such requirements. 

In such an engine the chief essential is that the spipdle carrying 
the master plate shall be as nearly round and as closely fitted in its 
bearings as is possible, for the degree of excellence with which that 
work is done determines how closely a circle can be divided. 

It seems almost incredible that a well-lubricated spindle of 4 
inches in diameter at its largest part and tapering three-quarters of 
an inch to the foot can be made so nearly round and so closely fitted 
in its bearings that a movement of one-thousandth of an inch in or 
out of its bearings will in one case cause it to turn with difficulty 
and in the other with perfect freedom; yet this has l)een found to be 
within the limits of mechanical refinements. 

The greatest accuracy thu.s far attained in such engines is one 
second of arc, which arc, with a radius of 3 miles, equals 1 inch, and 
at 20 inches, which is the radius of the silver ring upon which the 
graduations on the master plate are made, a line one-thousandth of 
an inch in width is equal to twelve seconds of arc, or twelve times the 
accumulated errors of any number of divisions, or twenty times the 
greatest error of any single division. 

In automatically graduating a circle, it has been found to be 
impracticable to cut more than six lines in a minute, and it requires 
about thirty-three hours to divide a circle into two-minute spaces. 
As with the running of the finest clocks, so only can the best results 
be obtained when the engine is surrounded with every favorable 
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condition jiossihle. Instead of the large circles and sectors used hy 
the ancients, circles of smaller diameter have been made as the 
methods for graduating have been improved, until those of the more 
modern instruments are seldom greater than dO inches, and some of 
the latest meridian instruments have circles of but 125 inches. 

The smaller circles, which can be made and graduated with greater 
precision than the larger ones, are also less liable to change in form, 
owing to their weight and the variation in temperature, and with the 
aid of the reading microscope the results obtained would not be 
possible with the larger circles. 

A ^o-inch circle lead with a microscope having a power of 40 
would lie eipiivalent to a circle of about SO feet in diameter, and 
a single second of arc as seen through the microscope would be eipial 
to 0.00:24 of an incli. a cpiantity easily subdivided. 

A mo^t important adjunct to the astronomer's instrumental equip- 
ment is the filar micrometer. AVith it he determines the errors of 
<livision<. the eccentrii-ity of his circle, and measures the angles to 
within a fraction of a secoml ; and when used at the eye end of the 
telescope he determines tlie iiosilions and motions of the stars and 
the distanc(‘s and diameters of the })lanets. In these little instru- 
ments. whether of the simple or conqilex form, the chief requisites 
are the screw and the cross wire^. for upon them the value of the 
observations and measurements depend. 

To make the screw of a mici'ometer so true that the errors in the 
threads can not be detected by it^ own magnifying jtower is an 
extremely diflicult task. These micrometer screws are often made 
with 100 threads to the incli. and are provided with graduated drums 
having 100 divi-ioiw. the reading-, being made in tenths of a division. 

The cross wire<. which are lint common spider lines, because of 
their lineness and the remarkable ipialities they iiossess, are indispens- 
able in micrometric work. 

That the rejnd^ive and even dangerous spider has plenty of ene- 
mies among the human family there can lie no doubt, yet if the value 
of the contributions which it has made to tlie cause of science was 
generally known, it would surely have a greater number of friends 
than at present, and most certainly the astronomer will say naught 
against itr for after tlie experience of many years he has found that 
the spider furnishes the only thread which can be successfully used 
in carrving on his work. 

The spider lines mo-tly used are from one-fifth to one-seventh of a 
thousandth of an inch in diameter, and in addition to their strength 
and elasticity, they have the peculiar property of withstanding 
great i-hanges of temperature, ami often when measuring the sun 
spots, although the heat is so intense as to crack the lenses of the 
niicrometcr eyepiece, yet the spidiu’ lines are not in the least injured. 
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The threads of the silkworm, altlwaijih of great value as a com- 
mercial product, ai'e so coarse and rough compared with the silk of 
the spider that they can not he used in such instruments. 

Platinum wires are made sufficiently fine, and make most excellent 
cross wires for instruments where low magnifying j^owers are used, 
yet as the power increases they become rough and imperfect. 

Sj)ider lines, although of hut a fraction of a thousandth of an 
inch in diameter, are made up of several thousands of microscopic 
streams of fluid, which unite and form a single line, and it is because 
of this that they remain true ami round under the highest magnify- 
ing power. 

An instance of the durability of the spider lines is found at the 
Allegheny Observatory, where the same set of lines in the micrometer 
of the transit instrument has been in use since ISaik 

The placing of the spider lines in the micrometer is a work of gnait 
delicacy, and in some micrometers there are as many as thirty, which 
foi'in a reticule, with lines two one-thousandths of an inch apart 
and parallel with each other under the highest magnifying power, 

Step by step, from the methods of the Arabian astronomers to 
the time of Tycho Brahe and on down to tin* i>resent day, improve- 
ments in the instruments and methods for the measurement of angles 
have been going on. until astronomers can measure double stars with 
a separation of one second of arc. and within less than one second 
they can define their positions in the heaven^. 

In the realm of the measurements of minute linear distances and 
the perfection of curved and flat surfaces the refinements are even 
greater than those pertaining to the measurement of time and of 
angles. 

Most' imiiortant in the linear dividing engine is the screw, and 
although much had l)een accomplished in bringing such engines to a 
high degree of excellence, it was for I’rofessor Rowland to make an 
engine which has a jn'actically perfect screw; and without doubt it 
is in all resjiects the nearest perfect of all the mechanisms that have 
been employed for ruling lines exactly parallel and ecpially spaced. 

The Rowland engine was nuule especially for ruling ditfraction 
gratings cvhich arc made of speculum metal, and with it a metal sur- 
face has been ruled with KiO.OOO lines, there being about dD.OOO to the 
inch, and as many as 4:5.000 lines to the inch have been ruled. 

The gratings mostly used have from 11.000 to dO.OOO lines to the 
inch, and with such exactness is the cutting titol moved bv the screw 
that the greatest error in the ruling does not exceed one-millit)nth of 
an inch. 

The production of these gratings, which Inm enabled the physicist 
in his study of the spectrum to enter fields of research before un- 
known, has not only called for the highest degree of perfection e' er 
attained in the spacing of linear distances, but it has also called for 
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a refinement most difficult in the optical surfaces upon which the 
lines are ruled. To Mr. Brashear was given the problem of produc- 
ing such surfaces, and notwithstanding the many difficulties encoun- 
tered in working and refining the speculum metal plates, he has 
made many hundred plates with surfaces either flat or curved with 
an error not to exceed one-tenth of a wave length of light, or one 
four-hundred-thousandth of an inch. 

As the established standards of length, which are the yard of 
Great Britain and the meter of France, are made of metal and liable 
to destruction or damage. Professor Michelson conceived the idea of 
determining the lengths of these standards in wave lengths of light, 
which would l)e a basis of value unalterable and indestructible. 

For the purpose of carrying out these experiments the Interfe- 
I'ometer was constructed — an instrument which required the highest 
order of workmanship and the greatest skill of the optician. Again 
Mr. Brashear proved equal to the occasion, and made for the in- 
strument a series of refracting plates, the .surfaces of which were flat 
within one-twentieth of a wave length of light, with sides parallel 
within one second. This was the most difficult work ever attempted 
in the refinement of optical surfaces. 

Professors Michelson and Morlei' devised a method for using the 
Interferometer to make the wave length of some definite light an 
actual and practical standard of length. So satisfactory was the re- 
sult that Professor Michelson was invited to continue the experi- 
ments at the bureau of weights and measures at Sevres, France, 
where the standard meter, which is kept in an underground vault 
and inspected only at long intervals, was used for that important 
work. The final result of the experiments, which occupied nearly a 
vear. shows that there are 1,553,164.5 wave lengths of red cadmium 
light in the French standard meter at 15° C. So great is the ac- 
curacy of these experiments that they can be repeated within one 
])art in two millions. Should the material standard of length be dam- 
aged or destroyed the standard wave length of light will remain 
unaltered as a basis from which an exact duplicate of the original 
standard can be made. These two marvelous instruments, the Row- 
land dividing engine and the Michelson Interferometer, .show the 
jiossibilities in the iierfection of linear divisions and the standards of 
length. 

We have recounted some steps of the progress that has been made 
in the measurement of time, of angles, and of length, together with 
some of the refinements in these measurements, but we are confronted 
with the fact that notwithstanding all that has been accomplished 
from centuries past down to the present time there are. as ever be- 
fore. many imperfections requiring new problems in mechanical 
science to be worked out for the further enlightenment and welfare 
of mankind. 
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By L. (jASTtXE. 


The X rays ^'ere discovereil (liiriiig the elosiii" inoiuhs of the year 
1895, so that but a brief time has been available for the ‘-tudy of 
their use, though these few vears have been fruitful ones. 

We must recognize at the start that the subject has been greatly 
favored by its element of the marvelous, which appeals so keenly to 
the public at large. Scientitic men know well that prior work of 
numerous physicists had already prepared the way for Roentgen'.-, 
half-accidental discovery, but these advances had been i-lu'erfully 
ignored by the masses, and even by most physicians aiul surgeons 
throughout the world. 

Very naturally, then, when it became positively known that with 
the X rays the skeleton of the hand could be photogra])hed there 
was excitement everywhere, for it will be recalled that the bones of 
the hand were the first invisible solid bodies reproduced by Roentgen. 
The image thus obtaitied demonstrated an im])ortant fact, the per- 
meability of opaque bodies by the new rays, and on account of the 
uncertainty as to their character they were christened " X rays." 

With this new process objects were photographed incased in cvood 
(as a compass in its box), money in a purse, the wheels of a watch 
through its case, and what not; and these amazing experiment-- 
served incidentally to demonstrate that the permeability of solid 
bodies varies with the character of the substance. It was learned, 
for instance, that wood, plaster, cloth, paper, are easily travcf'-ed by 
these rays, Avhile metals are less penetrable, especially glass and lead. 

While investigators Avere establishing empirically by rather trifling' 
experiments the conq)arative ])ermeabilit3' of ditfereiit substance^, 
the medical Avorld Avas amusing itself making attenq)ts to radiograph 
variotis parts of the human skeleton. In every civilized country 
experiments shoAved the poAver of the rays to pendrate the hands, 
the feet, the arms, the legs; and ilecided it Avas hardly possible to go 
further; the head forming a recalcitrant mass, the torso and abdomen 

“An ala-ifigetl translation, by iiermission. from artir-lcs in La I’liotn<;raiiliie 
Fraucaise, Paris, 1005. 
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giving only uninteresting and indistinct images. This together 'vvith 
the fact that only imperfect silhouettes at best could be obtained, 
calmed somewhat the zeal of a majority of curious practitioners, 
^lost of those who for a moment had anticipated finding in the new 
discovery a valuable method of research were disap2)ointed, and con- 
demned it utterly. 

The excess of curiosity and anticipation naturally resulted in a 
reaction, which was accentuated by the organization of enterjtrises 
for jtublit! exhibition, where for a few cents or even for nothing, any- 
one was shown whatever {tart of his body he wished to see, or he was 
given a jiicture of such part of his skeleton as could be easily radio- 
grajdied. 

Although this commercial exploitation did little for the good name 
of radi()graj)hy. and in some cases resulted in jjersonal injury by 
ljurning the i)atient, yet it served at least to advertise it widely. Haji- 
pily. however, while this jiopularizatiou of Roentgen's discovery was 
going on. tndy scientific research occupied the attention of many 
serious and competent persons. Students took up the ainilication of 
radiograjihy to anatomy, then to medicine and surgery, and to some 
of them it seemed to be a siinjile oi>eration. Aj^parently all that was 
necessary was an electric current, a Ruhmkorff coil, a Crookes tube, 
and some ordinary iihotograjihic jdates with the simjjle chemicals 
for developing them. Such was the reasoning with the advent of 
radiograidiy. It has not yet gi-eatly inijiroved. though, desjiite mis- 
apiDrehensions and misuses, radiography has continued its jirogress. 
Physicists like ’^"illars jierfected the ('rookes tube: technicians like 
Contremoulins devised exact instruments for their jiractical applica- 
tion. Indistinct images were su])erseded Iw radiograi:)hs of admira- 
ble clearness in which the most delicate details of the bone structure 
were exactly re2iroduced. 

The radiogra2)h was in time ap2)lied to the skeletons of mice, fish, 
snakes, frogs, to small mummies, fossils, and shells. Finally a suc- 
cessful attem2fi was made to 2>enetrate the more bulky 2)arts of the 
human body. -Vs early as liSfiC) investigators had obtaine«i silhouettes 
not only of the bones but also of the more or less 2 ienetrable 2iarts of 
the organism, like the heart and the lungs. These successes encour- 
aged more vigorous attacks on other 2)ortions, and with S2)ecial meth- 
ods they finally overcame obstacles and rendered 2)ossible radiogra2)hs 
of 2)arts of the skull, the muscles, ami even of the arterial svstem in the 
hand. It is only fair, however, to state that most of this 2Ji‘ogress 
was made in the lalioratoiy of the Faculty of Medicine, at Paris, 
and the results were scarcely known by the majority of those busily 
engaged in making radiogra2)hic reseai-clu's by less scientific methods. 
-Vnxious merely to get good 2)icture.s, and without accurate knowledge 
of the 2Jhysical, geometrical, and anatomical conditions which must 
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necessarily be taken into consideration, these operators groped their 
way to an ability to make radiographs, more or less clear to be sure, 
but often deplorable as indications of actual conditions, for the pic- 
tures failed to show what ought to be shown, and sometimes even 
showed what was not existent. 

The experimenters could of course make nothing of these deceptive 
errors, for in the medical world particularly, questions of pure 
physics and geometry are l)y no means clearly understood. An emi- 
nent member of the Academy of ifedicine voiced, therefore, the senti- 
ments of a great numher of his confreres when he declared that the 
radiograph was likely to err gravely and that its indications were of 
little value. He even went so far as to say that no two radiographers 
could take similar radiographs of the same fracture. That this last 
statement is true in practice, although theoretically erroneous, has 
been demonstrated experimentally before another learned assembly 
by the production of radiographs of a fracture, taken at various 
angles, in some of which the incidence was normal, in others oblique. 
To understand the real fallacy of the case in que.stion it is only neces- 
sary to realize that since the radiograph is only a conic projection of 
certain shadows these shadows will necessarily vary according to the 
angle at which they are projected, a fact which makes all radio- 
graiihic deformations and exaggerations easily appreciable. For in- 
stance. when walking along th(‘ .street in the evening your shadow 
from some gaslight grows longer and longer as you increase your dis- 
tance from the lamp-post. About noon, shadows are .short ; as the sun 
sinks toward the horizon the rays strike objects more obliquely and 
the shadows are elongated. These elongations are due to the angle of 
the rays of light : they illustrate e.xactly how tAvo fragments of frac- 
tured bone radiographed at too oblique an angle may unite to form 
a single silhouette, the elongation of the shadows making a continu- 
ous image, and thus hiding the fracture. 

The distance betAveen the fractured member and the photographic 
plate, and betAveen the member and the Crookes tube, also plays an 
important part in the formation of the radiograithic image. In 
throAving “ Chinese .shadoAvs ” on the Avail with the hands it is 
quickly CA’ident that the silliouette is A'ery small Avhen the hand is 
close to the Avail, and that it groAvs rapidly when the hand is moA*ed 
toward the light. The same principle is true in radiography. If, 
as often hajipens, the ends of the fracture are far apart, the fragment 
nearer the light giA'es an exaggerated shadoAv in the radiograph. 
Avhich joins the normal shadoAvs of the more distant portion and 
effectuallv conceals the break. Or if, as they more frequently do. the 
tAvo entls oA'erlap. the radiograph Avill. of course, should the fracture 
have been reproduct'd from, a position beneath Avhich the bones over- 
SM 1005 11 
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lap. give an image without a break; but, on the other hand, should 
the fracture lie reproduced from a point at right angles from the first 
position, the break in the bone will show plainh'. In other words, 
taken from in front, the fracture will be hidden, if the ends overlap 
in that iiosition. Avhile it Avill appear clearly if the fracture is radio- 
graphed from the side, because the broken ends will then be one be- 
side the other. 

The>e theoretical and experimental demonstrations determined 
clearly the technicpie for this kind of radiography. It is; (1) To 
take not one Imt two radiographs of every fracture or suspected frac- 
ture. these radiographs to be taken at dilferent points about 90 degrees 
apart: (:i) to place the fractured bone as close as practicable to the 
photograjihic jdate, and the Crookes tube perjjendicularly above as 
far as iiossilile from the fracture and tints avoid distortion. This 
is the method of procedure which obtains in all laboratories worthy 
of the name, and radiogniphs taken in accordance with it give little 
basis for the statement:, of the belittlers of the process. 

If the rays (‘inployed are not jienetrating enough for the case in 
hand, the imj)erfectiou of the image will be so great as to jirevent the 
suspected break being seen as it should, and if, on the contrary, the 
rays be too penetrating, the sensitive plate will not produce a good 
image. Too many interruptions in a given time for a given case 
will destroy the shading of the image, and. reciprocally, the image will 
be too feeble if the number of interruptions is insufficient. And each 
case reciuires an appreciation of its peculiar factors of jienetration 
and (piantity. I will not even mention the problems regarding the 
sensitiveness of the emulsions for the plate, the thickness of the films, 
the qualities and faults of the developers, fixers, printing papers, or 
of the difficulties in developing and printing. 

You have already surmised, no doubt, from the points we have just 
touched upon that mere ability to get an image does not constitute a 
radiographer. .V perfect knowledge' of the geometric laws governing 
the formation of shadows is imlispensable; not a theoretical knowl- 
edge. but a ])ractical acepiaiiitance which will enable one to operate 
rationally and to interpret logically the images obtained under care- 
fully observed conditions. Moreover, the skillful practitioner must 
have a ])erfect knowledge of tlu' forms and exact proportions of the 
liones or other [larts to be observed, so as to be able to recognize and 
a])preciate the almost inevitable radiographic deformation, and to 
irNtii!gui''h it from real malformation in the jiarts themseh’es. 

Ih'side^ thi-; ;‘xact knowledge of geometry and anatomy, the radio- 
grapher must l)e a (lever electrician to understand the complex j)hy- 
sical plK'iiomena which govern the formation of X rays in the 
Crookes tubes. A Crookes tube emits X rays of greater or less pene- 
tration in proportion to its state of vacuum, and according to the 
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number of interruptions per second in the current which forms the 
electric discharges in the tube, the image is qiuckly or slowly formed 
on the photographic jilate. 

To make a radiograj)!! when one has the projjer materials at hand 
is a 2)hysical ex2:)eriment which any college student can jx-rform as 
easily as he can bring about a sinude chemical reaction. But as this 
student would be utterly incajiable of jiiaking a ([uantitative or quali- 
tative chemical analysis, no more can he carry out a rational radio- 
graiihic research to determine even the simjilest fracture. This com- 
])arison is not an idle one. for just as a man is not a full-fledged 
chemist when he knows how to make a single kind of analysis, a man 
is by no means a really com2)etent radiograiiher because he can get a 
good radiogra])!! of a fracture of the arm or leg. 

There are as many ditferent methods of radiograjihing as there are 
ditferent cases to be treated, and the processes vary with the nature 
of the sulqect. A broken bone in the hand is not api^roached in the 
same way as is a fractui'c in the foot : the thigh is a good deal more 
difficult to radiograi)h than the forearm ; and a break in the neck of 
the femur, for instance, is one particularly difficult to determine, 
('ertain sinqde fractures almost reproduce themselves — that is to say, 
despite the incompetence of the ojterator — while others, where the 
bone is not much disjilaced. are excreedingly elusive. 

Kadiograidiy, however, does not concern itself entirely tvith broken 
bones; it reveals innumerable other organic alterations. Before 
taking iq) any of its principal applications in surgery and medicine, 
let us glance for a moment at its utilization in locating foreign sub- 
stances in the body. 

The human hotly would seem to be in little danger of accidental 
])enetriition by extraneous substances, but as a matter of fact these 
2)enetrations are not uncommon, especially in the larger cities. In 
Paris, for instance, hundreds of people have needles. ])ins. bullets, 
gi'ains of lead, jheces of money, or metallic sj)linters extracted from 
their muscular tissues, intestines, stomach, msophagus. eyes, and even 
from the brain itself, which is. contrary to the general opinion, easily 
ex[)lor(Ml by modern methods without fatal results. 

All s(‘arches for foreign substances in these various jjarts of the 
body i(‘(|uire a most exact localization, for it is necessarv to know 
just where the object is l)efon' oj)erating with scali)el and forceps. 
To understand the comjtlexity. let us imagine the [tatient is the victim 
of a footjiad. l)rought unconscious to the hosjhtal. Tie has been shot 
in tin' chest ; the wound is plain enough. In the hop(> that the ball 
has not iieni'tratcd fai- the surgeon jirobes, but finds nothing. The 
bullet has gone deei): jtossibly it is near tlic heart or some other vital 
organ. In such a case it would be dangerous to groi)e blindly with 
the 2)rol>le, and a radiograph localization becomes necessarv. 
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Or. in another instance, a victim of despair has turned his weapon 
on his own heart. The probe moves cautiously, for its direction 
seems to indicate that the attempt was successful. But no; the ball 
has turned aside ; the probe encounters some unbroken tissues not far 
from the surface. Here again the radiograph is necessary. 

The direction of entry of a projectile is too frequently but little 
indication of its direction in the body. A ball aimed at the heart 
may be found in the intestines or the lower back, or a bullet entering 
the right temple is lodged on the left, after having rebounded into 
the interior of the cranial cavity. 

AVhen an undesirable object has been swallowed, it is. of cour.-;e. not 
very diflictdt to foretell the road it will travel, but to know the posi- 
tion of these capricious tourists at any given moment is difficult. 
Many of them halt en route; and these are just the ones it is necessary 
to look after. The radiograph must be called into service. 

The treacherous needle, entire or broken, enters the muscular tis- 
sues. You think it can not be far from the surface. It is a great mis- 
take. Try if you will to extract it; the needle travels. Let us exam- 
ine this strange game of hide and seek; whether broken or not the 
needle has at one end a very sharp point and at the other a blunter 
extremity which penetrates with more difficulty. If it be a broken 
end. it will not penetrate at all save in the softest tissues. There- 
fore each movement, each muscular contraction, drives the sharp 
jjoint deeper and deeper, and as its blunt end will permit no retreat 
the needle advances, traveling ceaselessly in most unexpected direc- 
tions. To remove it. a most exact localization is necessary, since 
a needle is a small object to begin with, and when embedded in a 
heavy muscle a surgeon has the utmost difficulty in discovering it 
with ordinary instruments. 

The extraction of any foreign body calls likewise for a most pre- 
cise localization; only the exact knowledge of the whereabouts of such 
a body will reduce the operative interference to a minimum. 

The method of locating projectiles lodged in the skull, devised in 
181)7 by Monsieur Contremoulins. has solved with a marvellous 
degree of precision the (luestion of exact localization. The princi- 
))les of thi^ method are exjdained by the inventor in an article pub- 
lished by the Eevue Internationale d’Electrotherajtie et de Eadio- 
grajdiie (pi. viii. lig. 1) : 

(iiven a head ivntaining a jirojeetile “ x." we begin imr determination of the 
exact position of the luillet with reference to the skull. On any three points 
of the f.ace we apply the extremities of the three branches of a compass (u. J>. c). 
which are attached to ii\ h'. <■'. On the riglit of the head is the photographic 
l)late K E’ : on the left the two Crookes tultes L L’. held constantly in the same 
relation to the head and the plate. 

Now. if we operate successively the two tubes we will have the shadow of 
the projectile " x " on two different iMtiiits on the plate A E’. (These points 
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are designated in the iilustration liy the letters p for the tube L. and p" t>"' 
lor tube //. ) 

Then if we can determine exactly the position of tin,' two sources of iight 
on one hand. and. on the otiier. ilnd the exact centers ill') of the two shadows 
oil the piate. we can stretch two lines — say. of fine wire — from tiie center of the 
lights to the center of the shadows ; and these two iines wiil intersect at a point 
in si>ace wiiicli represents exai'tiy the center of the projei-tiie. 

Suppose, now, that the two radiographs are coinpieted. lYe can withdraw the 
iiead of the subject witiioiit disturbing in the least the relations of the compass, 
the f'rookes tubes, and tiie jihotographic piate. Then we may stretch our two 
wires from the tubes to the shadows and obtain with the most perfect exact- 
ness the iMisition of the center of the projectile witli reference to the face of the 
subject, or, what amounts to the same thing, with reference to the extremities 
of the three branches of the compass, which represent the position of the face 
in space while the radiographs were being taken. 

Finaiiy, if we attach to tile body of the compass an adjustabie iieedie which 
win exactiy indicate the intersection of the two wires (tile center of the bali) 
we wiii have ali the elements necessary for finding the hidden missile. 

Such is the tlieurv. In practice it is. of course, nece.ssarv to have 
a special apparatus adapted to all heads, which through its perfect 
rigidity insures the luainteiiauce of the relative positions of the 
branches of the compass, the Crookes tubes, and the photographic 
plate. 

As this article is not a comprehensive treatise on radiography we 
will not attempt to explain any of the essential operations — the 
marking on the subject's face of the points touched by the compass, 
the exact determination of the center of light of the X rays in order to 
jdace the wires, or the adjustment of the articulated fourth branch 
(>f the compass with its needle end. 

When all these operations are accomplished the compass, with its 
three stationary branches and its needle indicator, will, as we have 
said, show the exact position of the jirojectile. This instrument 
might be used to guide the operation of extraction, but in practice 
it is replaced by an almost e.xactly similar "compass of extraction.” 
which may be sterilized and therefore more safely guide the surgeon 
in his work. 

The jiatient is etherized, the operation compass is applied so that 
its three branches correspond exactly with the three points marked 
<>n his face. Then the needle indicator on the fourth arm shows to 
the surgeon (a) in what direction he must cut to find the projectile, 
(b) by the distance between the sliding adjustment and the needle 
point how deep he must go to extract it. To simplify the operation, 
the compass has two needles, one regulated by the other. This allows 
the surgeon to choose the most suitable point for an incision. This 
point decided, the scalp is cut away and the skull laid bare and 
opened by trepanning. 

As many times as he may need its guidance the surgeon can place 
the sterilized compass on the subject's head : and. finally, when the 
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needle can elide to the oxtremitT of its course its 'point torches the 
projectile. The surgeon has then only to draw it out with his forceps. 

So precise is this method and so accurate are the instruments that 
fragments of grains of lead have been withdrawn from the brain. 
The localizations it achieves are rigorously exact — to the half milli- 
meter. Altogether it renders so jmacticabie intracranial oj^erations 
formerly considered imjjossible that one of our most celcbrateil sur- 
geons acknowledged it a guiding light which renders easy and safe 
the extraction of hidden ju-ojectiles. 

By the same geometric method, somewhat .simplified and with 
modified aj^jiaratus. the exact location of foreign bodies lodged in 
any part of the body may bo discovered. Also, as will easily be seen, 
since this methofl gives a imecise indication of a single point, it will 
do similar service for a series of points. A projectile encounters a 
l)one and flies into fragments, a subject has been struck by several 
bullets, a l)on(> is shattered into splinters; in any of these cases the 
various jjarts are located with as much j^recision as is the single ball. 

The number of exact localizations that the radiograph cati make 
is almost unlimited. In practical radiography this ability to take a 
number of observations is very valuable, especially in the case of 
malformation, for it permits an exact determination of the contour 
of the liony matter and of faults of conformation. 

Thus metroradiography permits of exact measurements of all 
parts of the organism which give clear images under the X rays. 
It bears the same relation to simple radiography that quantitative 
chemical analysis does to <iualitative; that is to say. in most cases in 
medicine, as well as in surgery, a knowledge of the nature of the case 
is as nothing coiupared with a knowledge of the importance of the 
case. 

Early in the article we noticed that in spite of the disfavor into 
which radiography had fallen through misdirected activitv. yet a 
few serious jdiysicisis continued their work and obtained now and 
then remarkable results, which have <lone much to redeem the good 
name of ratliography. A great part of the progress must be at- 
tributed to two men. whose names should always be recognized — the 
physicist Ahllars, and Chabaud. the j)erfecter of the Crookes tubes. 
Among the radiographers themselves shoidd be cited A. Londe. who. 
during the early years, did worthy work in his photographic studies 
at Salpetriere. His etl'orts were directed toward the better sidection 
and installation of radiogi’aphic material and then toward jjer- 
fecting it and ('inploying it with more method. To him we are in- 
debted for the tirst practical treatise, which although siq^ersoded and 
discredited in part, was of much interest in its day. Fnfortunately. 
however, after a few years of radiography. Monsieur Londe gave up 
his operations at the Saljjetriere. 









Smi*hsori'ar Reor'rt 1505 — Ga5’'ir..^ 



RaDIoGR 


PEOGEESS Ijr EADIOGEAPHT. 


159 


From the very discovery of the X rays. Monsieur Contremonlins, 
at that time preparator to the Faculty of Medicine, has by the em- 
ployment of reasonable and scientific methods attained the best results, 
which have been described in his numerous communications to the 
academies. He was the first to obtain clear images of the cranium, 
the thorax, and the pelvis. Mliile studying with the late Dr. 1". Le- 
moine on the possible aijplications of radiography to zoolog;\’ and 
paleontology, he made marvelous images of bony structures and radio- 
graphs of fossils, which have never been surpassed. Applying the 
X rays to anatomical study, he obtained by injections of metal into 
the vessels clear radiographs of the arteries and their ramifications in 
the finger tips. Images of the muscles of the hand he got in a similar 
manner. 

I do not wish to neglect in this article any of those who are work- 
ing with radiography, and who, through their publications or their 
communications to the learned societies, are accredited with having 
created something good or interesting. If I fail to mention them. I 
will appear partial, which I am not; if, on the other hand. I do 
cite them by name, I must necessarily characterize Avith a word or 
so the A^alue. defects, or insignificance of their work. 

Doctor Beclere has written and spoken much on the X rays, 
especially on radioscopy, which must not be confounded Avith radi- 
ography. In this connection let us look for a moment at the prin- 
cijales of radioscopy. Under the action of X rays from a Crookes tube 
a screen treated Avith platinocyanide of barium is completely illumi- 
nated. XoAV, if a hand is interposed between the Cro(Akes tube and this 
screen, the image of the hand Avill appear on the screen, not. lioAvever, 
as a mere silhouette, but Avith the fiesh, muscles, nerves, and A'eins, 
and bones shadoAved more or less deeply according to their I'esistance 
to the rays. Thus may be seen on the screen the bones of the thorax, 
and some of its organs, like the litairt. whose moAoments may be 
discerned Avithout difficulty. 

Such a method of iiiA’estigation and analysis is naturally seductiA’e. 
MTiether it is really as A-alnable as radiography is a many-sided ques- 
tion and one which I hardly care to discuss here : so I content myself 
for the present with a single statement. The radioscojje in a limited 
number of cases, such as the study of the movements of the thoracic 
organs, is of incomparable Auilue and in a feev other cases is coiujaIc- 
mentary to the radiograph. 

Doctor Guillerninot is the aitthor of a really original and thorough 
Avork on chronoradiography. The value of his method and its pro- 
cesses is another question I am uiiAvilling to attempt to -ettle: facts 
are already beginning to indicate a lack of success, but time alone Avill 
determine its legitimate place. 
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Iklarie and Eibaut have given inucli study to a method of investiga- 
tion and X ray analysis based upon stereoscopy. These experiments 
are hv no means lacking in interest, their radioscope-stereoscojje 
being particularly meritorious, though experience has demonsti’ated. 
especially in the case of extracting projectiles, that human vision, 
however perfect it may be, is a poor substitute for a mechanical 
guide to the location of the foreign body. 

Doctor Bouchacourt is the author of a method of investigation 
with the X rays which he calls endodia.scopic (si'Sov, from within; 

through; aKOTtaiv, to examitic). lie employs specially con- 
structed Crookes tubes, which are introduced into the body through 
the natural aj)ertures. The tube |)rojects a silhouette' on a screen 
(endodiascopy-radioscopy ) or on a plat*' { endodiascopy-radiography) 
of the jiarts of the organism (‘oming between it and the screen or 
the plate. 

Marie and Clnzot. James Jlakenzie. Davidson and TIedley. Mergies, 
Leduc, Massiot. Maunory. and others are also engaged in endeavors 
to work out proldems in various directions of research. 

The scieiu'e of the application of the properties of the X rays to 
the analysis of the human body is an admirabli* and valuable devel- 
opment. but one around which, tinforttinately. harmful misapplica- 
tions have clustered since its beginning. 

In conclusion, the utilization of the X rays in medicine and sur- 
gery since its inception with Roentgen's discovery has developed 
into a science essentially exact, precise, and certain — a science with 
which you especially must sympathize because in its highest form 
radiography has borrowed so much from photography. Moreover, 
it is a science to interest us all. la'cause it is constantly heing called 
u])on to play a more or less important role in the relief of those ills 
the fledi is heir to. 

But h'aru how to discriminate between the good and the bad meth- 
ods of applying the X rays; iliscr)ver hoAv to select the rational and 
valuable processes of analysis; Ixgin this by noting that simple radi- 
ography and metroradiography are capable of meeting every ex- 
igency. 

The skeleton is perhaj)s the jtart of the human organism that mav 
best be studied with radiography and metroradiography. The radio- 
gra])h pictures the bones of tbe iiifant as soon as they begin to form, 
before birth even, .\lthough these ol)'ervations during gestation 
may not be of any general interest, it is of great value to the parents 
to know that their child has a well-formed skeleton. While the bones 
of the infant an' still soft a clo-e watch on their development may 
permit the prevention or reduction of malformations which might 
be diflicidt to correct later. Parents anxious about their children's 
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health shonlcl have them radiographed systematically when very 
young and at various stages in their growth. These regular inspec- 
tions will reveal, long before it becomes apparent otherwise, rickets, 
leprosy, tuberculosis, or syphilis of the bones. Paget's disease, osteoma- 
lacia. bony tumors, dislocations, arthritis, gout. Hat foot, rheumatism, 
hip disease, spinal disease, and a score of other more or less common 
troubles. 

At all ages the human being is exposed to the introduction of 
foreign substances into his body, either l)v natural entrances or 
through penetration of the skin. The infant swallows piec'es of 
money or other small objects in his jtlay; the adult accidentally swal- 
lows a vari('ty of tiny things, and besides is very much more likely 
than is the infant to be struck by a jirojectile or to cut himself with 
bits of metal or of glass. The radiograph, and in sjtecial eases the 
radioscope, discovers these foreign bodies: metroradiograjthy locates 
them e.xactly and insures their easy and siife extraction. 

Si>linters of bone, detached bits of cartilage and tendon, growths 
in the muscle'^, intestines, renal and other calculi may also be men- 
tioned among foreign Itodies that embarrass the human organism, 
and which can be located through the agency of the X rays. 

In heart troubles radiograithy and metroradiography furnish most 
valuable indications. But in this case the radioscojje. which allows 
the observer to follow the movements of the organ, has an exceptional 
and unecpialed value. In examining the lungs, however, to discover 
tuberculosis, jththisis. pulmonary sclerosis, and })leuritic atfections 
the radiograph alone gives delicate and certain indications. It 
reveals pulmonai’y tuberculosis long before any symptoms are seen, 
and often early enough to permit a cure. 

The radiograph gives clear images of certain abscesses, and shows 
exactly the extent and limits of any necessary operation. As to the 
state of the teeth and maxillary bones of children and adults it fur- 
nishes information of great importance, especially in cases of dental 
anomalies, abscess, abnormal growth, the cause of certain neural- 
gias. etc. 

Finally, for several years past the X rays have been used in the 
treatment of certain maladies such as lupus, acaie. cancer, and (>ven 
of tul)erculo<is, and 1 ave generally seemed to have a helpful influ- 
ence. But this last utilization, which naturally implies an exact 
appreciation of the character of the rays, is a matter to which phy- 
sicians have not given (Uioiigh care, since they have employed them 
Avithout suflicieiit data as to their curative power. 
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I. The Ptiotoop.aphtc Processes ox Paper of Str Joiix’ Herspitee. 

Tho resoarches of Sir John Herschol have been principally directed 
to the investigation of the physical laws which regulate the chemical 
changes we have been considering. His analyses of the prismatic 
spectrum have been most complete, and as far as they have Ix-en car- 
ried out go to prove the operation of forces other than those with 
which we are acquainted. 

At the same time, however, as this philosopher has been engaged 
in investigation^ of this high order, he has from the multitude of his 
ex])eriments l)een successful in producing several j^rocesses of great 
beauty. There are not any which are to l)e regarded as i)eculiarly 
sensitive — they are. indeed, for the most part rather slow — but the 
manipulation recpured is of the easiest character, and the results are 
most curious and instructive. 

The philosophy which is forever united with the scientific investi- 
gations of Sir John Ilerschel is too valuable to be omitted from any 
descrij)tion of the processes which he recommends. The following 
(piotations are. therefore, taken from his communication to the Eoyal 
Society, and linked together by my own remarks in such a manner as 
it is hoped will be most easily understood by the unscientific amateur. 

C'YAXV )T YPE. 

The processes in which cyanogen is employed are so called. Sir 
John Ilerschel makes the following remarks on the subject of his ex- 
periments with the cyanides: 

I shall eoiieluae this part of my subject hy remarkint; on the frreat number 
and variety of substances which, now that attention is drawn to the subject, 
appear to he i)hoto2raiihically impressible. It is no loniter an insulated and 
anomalous affe<'tion of certain salts of silver or itold. hut one which douhth'ss. in 

" Extracts from A .Manual of Photo.ijr.aphy. by Robert Hunt, fourth edition, 
London and (ilasgow. IS.'iL 
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u tnvater or desrpo. pprvnilos all nature and r-onnerts itself intimately with 
the inechanisin liy whii-h < lieiiii<-al eonihination and deeomiiosition is operated. 
The jteneral instability of orsauie conihinations uii};ht lead us to expect the 
(pccurreiice of iiuiiierous am! remarkahle c.-ises of this affection aiiiont; bodies 
of that class. Imt aiiKiiii: metallic and ether elements inor.itauicall.v arran.ited 
instances enousih have already appeared and more are daily i)resentin,it them- 
selves to .justifv its extension -to all cases in whi<-h clieinical elements may bt' 
supposed couibineil with a certain de.itree of la.xity and. so to speak, in a 
tnttcihiii ciinUIhriniii. There i-aii In- no doubt that the process in a .wat 
inajoritv, if not in all. cases which have been noticed among inorganic sub- 
stances is a ileox’idizing one so tar as the more refrangible rays are concerned. 
It is obviotisly so in tile cases id" .aold and silver. In that of the bichromate of 
potash it is most jiroliable that an atom of o.xygen is parted with, and so of 
many others. A beautiful e-\aniple of such deoxidizin.g action on a nonargen- 
tine compound has lately occurri'd to me in the e-xamination of that interesting 
salt, tile ferrosesquic yanuret of (lotassinm. described b.v Mr. Smee in the Philo- 
sopliicai Magazine, .\o. bib. Sejitember. 1.s4o. ami which he has shown how to 
manufacture in abundance and jiurity by voltaie action on the common or 
\ellow ferrocyanuret. In this process nascent o,x,v.gpn is absorbed, Imlrogen 
.given off, and the cliarai-ters of the resulting comiionnd in respect of the oxides 
of iron formiitg. as it does. Prussi.-m blue with protosalts of that metal, but pro- 
dui-ing no jirecipitate witli its jiersalts, indicate an exc(>ss of (dectro-negative 
energy, a disposition to part with o.x.vgen. or. which is the same thing, to ahsorl) 
hydrogen (in the jirescnce of moisture) and therehy to return to its pristine 
state under circunistaiices of moderate solieitation. such as the atfiiiity of pro- 
toxide of iron, for instance, for an additional doso of oxygen, ete. 

Paper siinidy waslicd v ith a solution of this s;dt is higlily sensitive to the 
action of liglit. I’rus-.ian blue is deposited ( tlie base being noeessarily supplied 
by the destruction of one portion of tbe ncid and the acid li.v deeomiiosition of 
another 1 . Aftiu' Inilf an hour or an hour’s exposure to sunshine a very lieauti- 
tnl negative photogr.ipli tln’ result, to fi.x which all that is necessary is to 
soak it in water in wliii-h a little suliihate of soda is dissolved to insure the 
ti.xily (d’ tile Prussian liint- depositisl. Wliile diw file impression is dove color 
or lavender hlue. which has a <-urious and striking effect on the .greenish-yellow 
ground of the ]i;iiicr. produced h.v the saline solution. .\fter washing the 
.ground color disappears ;ind tile plndo.grapli liecomes bright lilue on a white 
ground. If Too long exposed it gets "over sunned " and the tint has a lirownisli 
or yellowisli tendency, whicli. Iiowcvcr. is removed in tixin.g. Imt no increase 
of iiileiisit.v lic.voiid a cert.iin point is oldained liy contimnince of e.xposure. 

If ii.iper lie washed with a solution of ;iiniiionio-citrnTe of iron and dried, and 
tlieii a wasli passed over it of the yellow forroc.vamiret of potassium, there is 
no immediate forni.itioii of rnie Priissi.-ui Iduc. hut the paper rapidl.y acquires 
a viidet-pui'iile color, wliicli deepens after a few iiiimites. as it dries, to almost 
•ibsolute lilackiicss. In lids sl.ite it is a positive photographic paper of high 
sensibility and gitcs pictures ,.f great deptb and slnirpness. Imt with this pe- 
cnliarit.v. that tlic.v darken again siMintaneousl.v on exposure To the air in dark- 
ness ,ind arc soim olilitcr.ited. Tlu‘ paper, liowT'ver. remains susceptilile to 
light and capalilc of receiving other piernres. which in their turn fade, without 
an.v possiliiliT.v iso f.ir .is I can see i of .-irresting them, which is to lie regretted, 
as tliey are veiy Iieantifnl and The jiaper of such easy prepar.itioii. If washed 
with ammonia or its carlnmate. tlie.v are for a ft‘w inonieiits entirely oliliter- 
ated. hut jii tl II nuiijiinr irifh irrii-u'il Jiiihts mill sliiiilr.t. lu this state 
tliey are ti.xed, and the ammonia, with .ill that it will dissolve, being removed 
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by washing in water, their color liec-oines a pure Prussian blue, which deepens 
much by keeping. If thi' solution bi> mixed, there results a very dark violet- 
colored ink, which may be kept uninjurt'd in an oiaupie bottle, and will readily 
furnish by a single wash at a inonieiit's notice the positive paper in (luestiou. 
which is most sensitive when wet. 

It seems at first sight natural to refer these curious and complex changes to 
the instability of the cyanic compounds, and that this opinion is to a certain 
extent correct is in'oved by the photograidiic impressions obtained on papers 
to which no iron has been .added beyond what exists in the ferrocyanie salts 
themselves. Nevertheless, the following experiments abundantly prove that in 
several of the changes above d(“s<aabed the iniiiK diatc iiciidii of tli(' stdar rays 
is n<.tt t'xerted on these salts, but on tht‘ iron contained in the feriaiginous solu- 
tion added to tlaaii. which it deo.xiilizes or otherwise alters, thereby iiresenting 
it to the ferrocyanie salts in such a form as to preeijiitate the acids in combi- 
nation with the ])eroxide or protoxide of iron, as the case may be. To make 
this evidtuit. .all that is ia'ct‘ss;iry is .sa't;/p/// to Ifurr tint tJu’ i niciinitiitt' in the 
Iu'ej>aration of the paper. \\'hich thus lua-omes taaiuiaal to a siniplt^ washing 
ovta* with the ammonia-citiae solution. P.-tpta* so washed is of .a bright yellow 
color and is jii»i)arentl,\' little, hut in re.ality highly, sensitive to ]>hotographic 
iiction. Exi>osed to strong sunshine, for some time indeed, its bright yellow 
tint is dulled into .an octaa'.v hue or even to .gray, but the ch.inge altogether 
amounts to a moderate percentage of the total light retlected and in short 
e.xiKtsures is such as would e.-isily e.sc.-ipe notict'. Nevertheless, if a slii> of this 
[taper he held for only four or live seconds in the sun (the effect of which is 
([Uitt" iniiierceittible to the eye. and. when withdr.-iwn into the shade, be washed 
ovtu* with the ferroses([uic\'anate of [totash. a considerable deitosit of I'russhui 
blue takes [ilace on the [lart sunned and none whatever on the rest, so that on 
washing the whole with water a pretty strong blue imiiression is left, demon- 
strating the reduction of iron in that portion of the [laiier to the state of 
[U’otoxide. . The etlect in question is not. it should be oliserved. [yecullar to the 
aninionio-citrate of iron. The annnonio and pot.-issj.q-tartrate fully [los.sess and 
the perchloride. c.mctly utiitralitnl. [lartakes of the same iiro|)erty. but the 
exi)eriment is far more neatly m.ade and succeeds better with the other salts. 

Ill further (levelopiueiit uf the.-e most iiiterestiiio- jtroeesst's Sir 
John Herschel says: 

The varieties of cyanotyi)e [irocesses seem to be innumerable, but that whicii 
I shall now de.seribe deserves [larticular notice, not only for its jueenunent 
beauty while in progress, but as illustrating the peculi.ar [lower of the 
animoniacal and other persalts of iron above mentioned to receive a latent 
[licture. susceiitible of develo[)ment by a great variety of stimuli. This process 
consists in sinqily [lassing over the ammonia-citrated [ia[ier on which such a 
latent picture has been inqire.ssed. rriii simriiiiilii initl rriiily. a w.ash of the 
solution of the common yellow ferrocyanate ([irussiate) of [lotash. The latent 
picture, if not so faint as to be quite invisible (and for this ptiiqiose should not 
be so), is negative. .\s soon as the licjuid is a[i[ilied. which can not be in too 
thin a film, the negative [licture vanishes, and by very slow degrt>es is re|)laced 
by a positive one of a violet-blue color on a greenish-yellow ground, which at 
a certain moment [ iosscs . m's .1 high degree of sliaiqiness and singular beauty and 
delicacy of tint, if at this instant it be thrown into water, it [lasses imme- 
diately to Prussian blue, losing .-it tlie same tiiim. however, much of its sharii- 
ness. and sometimes, indeed, bcs-omiiig quite blotty and confused. Iltit if this 
be delayed, the [ii<-ture. after .-ittaining a certain maximum of distinctness, 
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ixi'ow I’Miiuily ('(infused, especially if the (iuaiitity of Ihiuid applied be more 
than the paper can easily and completely absorb, or if the brush in applying it 
be allowed to rest ou or to be iiassed twice over any part. The effect then 
becomes that of a coarse and ilTprlnted wood cut, all the strong shades being 
run together, and a total absence iirevailing of half lights. 

I’o prevent this confusion, gum araliic may he added to the prussiated solu- 
tion. by which it is hindered from spreading unmanageably within the pores of 
the paper, and the jirecipitated ITu.ssian iiine allowed time to agglomerate and 
fix itself on the tibers. By the use of this ingredient also a much thinner and 
more eijuable tilm may be spread over the surface; and when iicrfeetli) dry. if 
not sutlieiently developed, the application may he reptaited. By operatiu.g thus 
I have occasionally (though rarely) sneceedeti in producing iiictures of gretit 
beauty and richness of effect, which they retain (if not thrown into water) 
between the leaves of a jiurtfolio. anti have even !i certain degree of tixity — 
fading in a strong light, and recovering their tone in the dark. The maniimla- 
tions of this pi-ocess are. however, delicate, and complete suci;ess is comtiara- 
tively rare. 

If sulpliocyanate of potash be .added to the amraonio-citrate or ammonio- 
tartrate of iron, the peculi:ir red color which that test induces on pei'salts of 
the metal is not produced, but it appear.s at once (tn adding ;i drop or two of 
dilute sulphuric or nitric acid. This circumstance, joined to the ])erfeet neu- 
trality of these s;dts. and their power, in such neutral solution, of enduring, 
undei.'omposed. a boiling beat, contrary to the usual habitudes of the peroxide 
of iron, together with their singular transformation by the action of light to 
proto-salts, in apparent opposition to a vex-y strong alliiuty. has, 1 confess, 
inclined me to speculate on the iMissiliility of tlieir ferruginous base existing in 
them, not in the ordinary foi'm of peroxide, liut in one isomeric with it. The 
nonformation of 1‘russian blue, when their solutions are mixed with prussiate 
of potash, and the fox'ination in its place of a deep violet-coloi'f'd liipiid of 
siuguhar inst.'diility under the action of liglit. seem to favor this id(*a. Xoi- is 
it alto.gx'ther impossible that the pecuiiar “ pi-epared " state superficially as- 
sumed by ii'on under the intluence of nitric ;icid. tii'st noticed by Keir, and since 
made the subject of experiment liy M. Sciihnbein and myself, may depend on a 
change suiierticially ojierated on tlie iri>n itself into a new imdallic body isomeric 
with iron, unoxidable by nitric acid, and which may be considei'cd as the 
radical of that peroxide which exists in the salts in ijuestion. and jiossibly also 
of an isomeric protoxide. A comliinxxtion of the common jirotoxkle with the 
isomeric peroxide, i-.ither than with the same nietal in a simply higher stage of 
oxid.itiou. would afford a not unplansible notion of the chemical nature of that 
peculiar intermediate oxide to wliich the nanie of " Kerrosoferric " has been 
given by Berzelius. If I to render my meaning more clear) we for a moment 
coiisenr to (Icsiguate such an isomeric foi'in of ii'on by the name sidernim. the 
oxide in iiuestioii might be regarded as a sideriate of iron. Both ]ihosphorus 
and arsenic (bodies remarkable for seijiii combinations) admit isomeric forms 
in their oxides and acids. But to i-etni-n from this digx-ession. 

If to a mixture of amnionio-citi’ate of ii-on and sulpliocyanate of ixotash a 
small (lose of nitric acid be added, the i-esxilting i-ed liciuid. spr(>ad on papei'. 
spoiitaneonsly whitens in the dark. If more acid be added till the point is 
attained when the discoloration begins to relax, and the paper when dry retains 
a considerable degree of cidoi'. it is powei-fnlly affected by light, and receives a 
positive picture with great rapidity, which ap[>ears at the back of the paper 
with even more distinctness th.-in on its face. The imiiression, however, is ixallid, 
fades on keeping, nor am I ai/iiuainted at present with any mode of tixing it. , 
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If paper be washed with a mixture of the solution of ammonio-eitrate of iron 
and ferrosesquieyanate of potash, so as to contain tiie two saits in aliout e<iual 
proportions, and, being then impressed with a iiicture. lie tiirowii into water and 
dried, a negative blue image wiil be produced. 'I'bis jiictiire I liave found to lie 
susceptibie of a very curious transformation, preceded iiy tot.d oliiiteration. To 
effect this it must iie washed with solution of jirobrnitrate of mercury, wiiich 
in a littie time entireiy discharges it. The nitrate Iicing tliorougiily wasiied 
out and the picture dried, a smooth iron is to lie ]iasscd over it, somewliat liotter 
than is used for Ironing linen, but not sulliciently so to scorch or injure the 
paper. The obliterated picture immediately reaiipears. not lilue. but lirowu. 
If kept for some weeks in this state lietweim the leaves of a iiortfolio. in com- 
plete darkness, it fades and at length almost entirely disappears. I!ut. wliat is 
very singular, a fresh application of the heat revives and restores it to its full 
intensity. 

This curious transformation is instructive in another way. It is not op- 
erated by light: at least not by light alone. T ccr/i/ia tviiiiKnitiii v must tie 
attained, and that temperature suffices in total darkness. Nevertheless. I find 
that on exposing to a very concentrated spectnun i collected iiy a lens of short 
focus) a slip of paper duly prepared as above — that is to say. by wasliing witli 
the mixed solutions, exiiosure to sunshine, washing, and iliscliargiiig tlie uni- 
form blue color .so induced, as in the last article — its wliiteness is changed to 
brown over the whole region of the ri>d and oran.gi' rays, ijut not Ix iioniJ the 
luminous spectrum. Three conclusions seem unavoidalde : First, that it is the 
heat of these rays, not their light, which operates tile change; second, that 
this heat possesses a peculiar chemical quality whii-h is not iiossessed by the 
purely calorific rays outside of the visilih- spei-trum. tliough far more intense: 
and. third, tliat the heat radiated from obscurel.v hot iron aliounds especially 
in rays analogous to those of the region of the spectruni .alMive indicated. 

Sir John Horscliel then proceeds to show tliat. wluitever he the state 
of the iron in the double salts in question, its reduction by blue lio-ht 
to the state of jirotoxide is indicated by many other reagents. Thus, 
for example, if a slip of paper prcqiared with the ammonio-eitrate of 
iron be exposed partially to sunshine and then washed with the 
bichromate of jiotash, the liichromate is deoxidized and jirecipitated 
upon the sunned portion, just as it would be if directly exposed to the 
sun's rays. 

I have proved this fact with a great number of prejiarations of 
cobalt, nickel, bismuth, platinum, and other suits which have bi'en 
thought hitherto to be insensible to solar agency; but if thev are jiar- 
tially sunned, and then washed with nitrate of silver and jnit aside 
in the dark the metallic silver is slowly rediiciHl u|ion the sunned 
portion. In many instances days were re<|ui!'ed to produce the visibh' 
picture; and in one case paper, being waslnal with lunitral chloride 
of platinum, were sunned, and then washed in thi' d;irk with nitrate 
of silver; it was some wi'cks before the image made its appmu'ance. 
but it was eventually perfectly develo|)(‘(l. This spccinam has been 
kept for several years, and continues constantly to improve in clearness 
and definition. 
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CHRTSOTYPB. 

A process of an analogous character to that which has just been 
described, and in which the chlorich* of gold is an agent, must be next 
descriljed. This was discovered at the same time as the cyanotype, 
and has been termed the chrysotype. 

Ill order to ascertain whetlier any jiortinii of tlie iron in tliedoulile aninioiiiacal 
salt employed liad really undergone deoxidation and beconie reduced to the 
state of protoxide, as supposed. I had recourse to a solution of Hold exactly 
neutralized by carbonate of soda. The protosalts of iron, as is well-known to 
chemists, precipitate jtold in the metallic state. Tlie efl'ect proved exi'eedin,i;ly 
striking, issniiift in a i)rocess no wi.se inferha’ in the almost m.-iitii'nl beaiit.v of its 
effect to the c.ilotype iiroc(s<s of Mr. Talbot, which in some respects it nearl.v 
resmnbles ; with this advanta,He. as a matter of ('xperimeiital exhibition, that 
the di.sclosure of the dormant imaite does not reijiiire to be performed in the 
dark, beina not interferred with by inoilerate da.vlitjht. As the e.xi)eriment will 
Iirobably be re]ieated by others. I shall here describe it ab initio. Paper is to 
be washed with a moderately concentrated solution of ainuionio-citrate of iron 
and dried. The strenirth of the solution should be such as to dry into a jrood 
yellow color, not at all brown. In this state it is I'eady to receive a photo- 
graphic image, which may lie impressed on it eitlier from nature in the eaiuera 
ob.scura, or from an engraviii,g on a frame in sunsliine. 'I'he image so Impressed, 
however, is very faint and sometimes hardly perceptihle, Tlie inonient it is 
removed from the frame or camera i| must he waslnM over with a neutral 
solution of gold of such strength as t(> have about the color of sherry wine. 
Instantly the picture aijpears, not. indecit. at om-e of its full intensity, lint dark- 
ening witli great rapidity u[) to a certaip |S)int. depending on tlie strength of the 
solution used. et<-. At tills point notliiiig: cun surjiuss the sliarpiiess and perfec- 
tion of detail of tlio rosultin.g photograpli. To arrest tills iirocess and to tix the 
picture (SO f;ir at least as the further ;i,gency of liiiht is concerned), it is to he 
thrown into water very slightly acidulaMil with suljihuric acid and well soaked, 
dried, washed witli liydrobroinate of potash, rinsed, and dried again. 

Such is the outline of a iirocess to wiiioli I propose appl.viiig the name of 
cltiijsijtiipc ill order to recall by simihirity of structure and termination the 
calutnijr process of Mr. Talliot, to whi<-li hi its general effect it affords so close a 
parallel. Being very recent, I liave not .vot (.Tune 10. 1.S42) obtained a complete 
command over all its details, hut the termination of the se.ssion of the society 
heing close at hand I have not thought it advisalile to snp[ire.s.s it.s mention. In 
point of ilircrt sensiliility the cliry.sotype paper is certainly interior to the cal- 
otype. hilt it is one of the most remarkalde peeiiliarities of gold as a photo- 
graphic ingredient that r.itniiirln fi’cMi' iiii inrxxUDis oi/cc itiiidf J>ii light gn on 
(iftrncanls rliirkDiing xpontiincoiixli/ nml n-rg xloirlg. itppurrntig irithout limit, 
xo long ax the least rextigr of iinratiKCil rhtorUic of gold reiiiuinx in the paper. 
To illustrate this ciirious and (so far us applications go) Iiighl.v important 
firopert.v, I shall mention incidentally the results of some experiments made 
during the late tine weather on the habit rides of gold in presence of oxalic acid. 
It is well kiiiiwii to l■iiemists that tliis ac-iil heated with solutions of gold [irecipi- 
tates the metal in Its metallic state. It i.s upon this luoperty tliat Berzelius has 
founded his deterniinatioii of tlie atomic weiglit of gold. Light as well as heat 
also operates this precipitation, Imt to rpiider it effectual several conditions are 
necessary: First, the solution of gold must he neutral, or at most very slightly 
acid ; second, the oxalic acid must be ailrieii in the form of a neutral oxalate i 
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nnd third, it must l)e present in a certain considerable quantity, which quan- 
tity must be greater the greater the amount of free -acid present in the chloride. 
Tinder these conditions the gold is precipitated by liglit as a l>lack powder if the 
liquid be in any l)ulk, and if merel.v waslie<l over i)aper a stain is produced, 
\\hich, however feeble at first, under a certain dosage of the chloride, oxalate, 
and free acid, goes on increaseiug from da.v to day and from week to week, 
wlien laid by in tlie dark, and esi)ecially in .a <lamp atmospliere, till it acquires 
almost the blackness of ink, tlie unsunned portion of tlie iiaper remaining un- 
affected, or so slightl.v as to render it almost certain tliat what little action of 
the kind exists is due to the eft'e< t of casual dispersed light incident in the 
preparation of the paper. I liave before me a specimen of paper so treated in 
which the effect of thirt.v seconds’ exposure to sunshine was (juite invisible at 
first and which is now of so intense a purple as may well he called black, while 
the unsunned jiortioTi has acquired comp.iratively hut a very slight brown. 
And (which is not a. little remarkable and indicates tliat in the time of expos- 
ure mentioned the iiiuj-iiiiinii of effect was attained) other portions of the same 
paper exposed in graduated progression for longer times, viz. (.ue minute, two 
minutes, and three minute.s, arc not in the Ic.ist i>erceptible degree d.arker than 
the portion on which the light ha<l acted during thirt.v seconds onl.v. 

If paper prepared ns above re<-ommende<l for the clir.vsotype. eitlier with the 
ummonio-citrate or animonio-tartrate of iron, :ind imiiressed. as in that process, 
with a latent picture, ho washed with nitrate of silver instead of a solution of 
gold, a very sliarp and lieautiful i«icture is developed of great intensity. Its 
disclosure is not instantaneous: a few moments elapse without apparent effect. 
The dark shades are then first touched in. and liy degrees the details appear, 
hut much more slowly than in the case of gold. In two or three minutes, 
however, the luaximuin of distinctness will not f.-iil to be attained. The ])icture 
may be fixed by the hyposulphite of soda, which alone. I believe, can be fully 
depended on for fixing argentine photographs. 

The best jirocess for fixing an.v of the photographs prepared with gold is as 
follows; As soon as the picture is sjitisfactorily brought out by the auriferous 
liquid it is to be rinsed in .spring water, which must be three times renewed, 
letting it remain in the third water five or ten minutes. It is then to be blotted 
off and dried, after whicli it is to be washed on both sides with a somewhat 
weak solution of hydriodate of j)otash (ioiliilr af iKitiisiaiiim). If there be any 
free chloride of gold [iresent in the pores of pai'er. it will be discolored, the 
lights passing to a ruddy brown ; i)ut the.v speedil.v whiten again spontaneously, 
or at all events on thrqwing it (after lying a minute or two) into fresh water, 
in which, being again rinsed and dried, it is now i)erfectly fixed. 

PHOTOCRAPinC PKOPKRTIES OF MEKCURY. 

As an agent in the daguerreotyjie process, it is not. strictly speaking, photo- 
grai)hical!y affected. It operates there only in virtue of its readiness to 
amalgamate with silver proi)erl.v prep.ared to receive it. That it possesses 
direct photographic susceptibilit.v. however, in a very eminent degree, is proved 
by the following experiment : I.et a i)aper be w-.ished over with ii weak solution 
of periodide of iron. and. when dry. with a solution of i)roto-nitrate of mer- 
cuiy. A bright yellow iiai)er is (U’oduced. wliich i if the right strength of the 
liquids he hit) is exceedingly sensitive while wet, darkening to a brown color 
in a very few seconds in the sunshine. Withdrawn, the impression fades 
lapidly, and the pai)er in a few bom's recovers its original color. In operating 
this change of color the whole spen-trum is affective, with the exception of the 
thermic ra.vs beyond the rod. 

■15 
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IT'otd-uitriitf of luei'ciiry siinjily washed over iiaper is slowly and feelily 
blaekeiit'd hy exiiosure to siuishiiie. And it’ iiaper he ini[)regnated with tlio 
ammonio-eitrate of iron, already so often uientioned. i)artially sunned, and then 
washed with the iiroto-nitrate. a reduetion of the latter salt, and conseiiueiitly 
hlaekenin,;; of the paper, takes place very slowly in the dark over the sunned 
liortion. to nearly the same amount as in the direct action of the lisht (Ui the 
simply nitrated paper. 

^But if the mercurial salt he .subjected to the a<-tion of lij;ht in contact with 
the iimmonio-citrate or tartrate, the elfe<-t is far more powerful. C'onsiderinit 
.at present only the citric double salt, a p.apcr prepared hy washim; lirst 
with th.at salt and then with the nua'curial proto-nitratt' (dryiiiit between) is 
endowed with con.siderahle sensihility and ilarkcns to a very dc('[* brown, nav. 
t<,. c»)mplete hl.ackuess. <ni a ]nod<‘rate ♦‘xposnre to j^ood sun. Yery sharp and 
intense iihotom’aphs of a negative character may he thus t.ikcn. They are. 
however, dilticult to //./■. 'flie only method which 1 liavt- found at all to suc- 
ceed has been hy washinii them with hichrom.-ite of i)otash and so.ikiiif; them 
for twent.v-four hours in water, which d/.s.sotrc.'t out the chromate of inercurv 
for the most part. Icavinir. however, a yellow tint on the .trrounil, which resists 
obstinately. But tlmuyli pretty effectually lixi'd in this way asrnitist I'Kilti, 
they are not so atraiust t/aic. as th<‘y fade considerably on keeiiinj;. 

hen the proto-tLifrate of mercury is mixed in solution with either of the 
ammoniac.al double salts it forms a precii»itate. which, worked u]) with a brush 
to the consistence of cream .-ind s|ir<'ad upon pai>er. produces very tine pictures, 
the intensity of which it is almost imi)Ossihlo to yo Uoyond. Jlost unfortu- 
nately tlu'y can not he lu'eserved. Kvery attempt to ti.\ them has resulted in 
the destruction of their he.-iuty and force; and <>ven when kept from liyht they 
fade with more or less rapidity, some disappeariny almost entirely in three 
or four da.vs, ndiile others have ri'sisted tolerably well for a fortniyht or even a 
month. It is to an overdose of tartaric acid that their more rapid deterioration 
seems to he due. and of course it is important to keep down the proiiortion of 
this inyredient as low as possible. But without it I have never sui-ceeded in 
producing that peculiar velvety aspe,-t (.n which the charm of the.se pictures 
chiefly depends, nor anything liki' th<' same intensity of color without over- 
sunning. 


FEKItOTAUTRATE OF .SIIAER. 

Extentlinif his inquiries still fiirtlior into these very remarkable 
changes, the following [troec's itresented itself to Sir J. Herschel. 
which is in many resjteets reiiuirkable; 

If nitrate of silver, specific gravity 1-200. be athletl to ferro- 
tartaric acid, specifie gravity 1 -02:1. a preeipitate falls which is in 
great measure redissolved by a gentle heat, leaving a black sediment, 
which, being cleared by subsidence, a liquid of a jtale yellow color is 
obtained, in which a further addition of the nitrate causi's no tnrlhd- 
ness. IMien the total quantity of the nitrated solution amounts to 
about half the hulk of the ferrotartarie acid it is eiiouah. Tlie 
liquid so prepared does not alter by keeping in the dark. 

Spread on paper and exiiosed wet to the simshini' (partly shaded) 
for a few seconds no impres-ion mmuiis to have been made; l)'nt hv 
degrees (although withdrawn from the action of the linht) it de- 
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velops itself spontanooush’, and at length liecoines very intense. 
But if the pajier lie thoroughly dried in the dark (in which state it 
is of a very pale greenish-yelhnv color) it possesses the singidar prop- 
erty of receiving a dormant or invisible picture, to produce Avhich (if 
it he. for instance, an engraving that is to he copied), from thirty 
seconds’ to a minute's exposure in the sunshine is requisite. It should 
not he continued too long, as not only is the ultimate effect less strik- 
ing, luit a picture hegiiis to he visibly produced, which darkens s])on- 
taneously after it is witlulrawn. But if the exposure Ix' discontinued 
before this effect comes on an invisible impression is the result, to de- 
velo]) which all that is necssary is to hnaithe upon it, when it imme- 
diately appears, and very speedily acijuires an extraordinary inten- 
sity and sharpness as if by magic. Instead of the breath it may be 
subjected to the regulated action of a(iueous vapor by laving it in a 
blotting-jiaper book of which some of the outer leaves on both sides 
have been dampened, or by liolding it over warm water. 

Alany iireparations, both of silver and gold, 2>ossess a similar prop- 
erty in an inferior degree, but none that I have yet met with to any- 
thing like the extent of tluit above described. 

These iiictures do not admit of being iKuananently fixed : they are 
so against the action of light, but not against the operations of time. 
They slowly fade out even in the dark, and in some examples which I 
havi' jirepared the nunarkable iihenonuuion of a restoration after 
fading, but with reversed lights and shades, has taken place. 

THE AIIPHITYPE. 

The following very remarkable process was communicated by Sir 
John Herschel at the meeting of the British Association at Yoi’k. 
The lU'occss can not be regarded as perfect, but from its beauty when 
success is obtained and the curious nature of all its 2)henomena it is 
deemed imjiortant to inchwle it in the hope of inducing some investi- 
gator to take it up. 

Sir John Herschel says, alluding to the processes just described: 

I had hoped to have [lerfeeted this process so far as to have reduced it to a 
a definite statement (jf imuiipulatioiis wliicli would insure success. Rut capri- 
cious as photographic processes notoriously are. this has in-ovi'd so even beyond 
the ordinary nii'asure of sueii caia'jce. * * * I’.aiier proper for prndui-in,^ an amphi- 
type picture may be lu'epared either with the ferrotartrate or the ferrocitrato 
of the protoxide or the ]}eroxi<le of mercury, or of tile protoxide of lead, by 
usiiiK creams of these saits. or b.v successive appiicatioiis of tlie nitrates of the 
respective oxides, singly or in mixture, to the iiaper. alternating with solutions 
of the ammonio-tartrate or ammoiiio-citrate of iron, the latter solution being 
last apiilied and tn more or less excess. * * * Paper so prepared and dried 

takes a negative jiicture in time varying from half an hour to five or six 
hours, accordin.g to the intensity of the light: and the imiiression jiroduced 
varies iu apparent force from a faint and hardly perceptible picture to one of 
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the highest coneoivable fullness anil richness both of tint and detail, the color 
in this ease being a superb velvety brown. This e.xtreme richness of effect is 
not produced exu'iit lead be present either in the ingredients used or in the 
paper itself. It is not, as I originally supposed, due to the presence of free 
tartaric acid. The pictures in this state are not permanent. They fade in the 
dark, though with very different degrees of rapidity, some (especially if free 
tartaric or citric acid be present) in a few days, while others remain for weeks 
unimpaired and require whole years for their total obliteration. But, though 
entirely faded out in appearance the picture is only rendered dormant, and may 
be restored, changing its character from negative to positive and its color from 
brown to black (in the shadows), by the following process: .t bath being pre- 
pared by pouring a sm.all (ju.antity of solution of pernitrate of mercury into a 
large (piantity of water and letting the subuitrateil precipitate subside, the pic- 
ture must be immersed in it (caridully and repeatedl,\' clearing off the air 
bubbles) and allowed to remain till the piiturc (if anywhere visible) is entirely 
destroyed, or, if failed, till it is judged sufficient fi'om pi't'vious experiimce, a 
term which is oiten marked by the appearani'e of ji feeble jiositive picture of 
a bright yellow hue on the iiale-yellow ground of the paper. A long time 
(.several weeks) is often rcipiired for this, but heat accelerates the action, and 
it is often complete in a few hours. In this state the picture is to be very thor- 
oughly rinsed and soaked in pure warm water and then dried. It is then to 
he well ironed with tt smooth iron, heated so as li.irel.v not to injure the paper, 
placing it. for better security against scorching, between sntooth clejin ptipers. 
If, then, the process has been successful, a perfectl.v black positive jiicture 
is at once developed. At first it most commonly happens that the whole iiicturc 
is sooty or ding,\ to such a degive that it is condenuied as spoiled, but on keeping 
it between tL)e lejives of a book, especially in a moist atmosphere, by extreinely 
slow degrees this dinginess disappears, and the picture disengages itself with 
continually increasing sharpness and clearness, and acijuires the exact effect 
of a copperplate engraving on a paper more or less tinted with pale yellow. 

I ought to observe that the best and niost uniform specimens which I have 
procured have been on i>ai>er jireviously washed with certain preparations of 
ui'ic acid, uhidi is a \eii reniark.able and jiowi*rtul ]ihotographic element. 
The intensity of the original negative picture is no criterion of what may be 
expected in the positive. It is from the lu'oductiou. by one and the same action 
of the light, of either a i.ositive or ,i negative iiicture. according to the subse- 
quent manipulations, that 1 have designated the process thus generallv 
sketched out by the term ".\iiiphil ppi-." a name suggested by ill-. Talbot, to 
whom I communicated this singular result: and to this ]ii-ocess or class of 


processes (which I can not doubt when pursued will lead to some very beautiful 
results) 1 propose to restrict the name In question, though it applies'even more 
appro] iriately to the following exceedingly curious and remark.ilile one in 
which silver is coiicerneil. At the last meeting I announced a mode of produ- 
cing. by means of a solution of silver in conjunction with ferro-tartaric acid, a 
dormant picture lirouglit out into a forcible negative imiiression by the breat!) 
or moist air. The solution then describeil, and which had at that time been 


preiiared some weeks, I may hei-e incidentally remark, has retained its limpidity 
;ind Iihotograiihic lu-operties quite unimiiaired during tlie whole year since 
elaiised, and is now as sensitive as ever— a proi.erty of no small value. Now 
v,-hen a picture (for cxainirlc. an im])ressiou from an engraving) is taken on 
pariei- washi'd with this solution it shows no sign of a picture on its' back 
whether that on its face be devclopeii or not ; but if. while the actinic intluence 
is still fresh upon the fan- ( i. e.. as soon as it is removed fi-oin the light) the 
hack be exposed for ti very few seconds to sunshine and then removed to -i 
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gloomy place, a i)Ositive picture, t/ic e-nu t eiiinitlemciit of the ncf/atii'C one on the 
other ■‘iide. tlioiigli wanting of course in sliarpne.ss if tlio paiier be tliick. --itoichj 
and graduaUtj niake.<i its- iitiiiea ranee there, and in half an hour acqnii'es con- 
siderable intensity. I ought to mention that the ferro-tartaric acid in question 
is irrepared by precipitating the ferro-tartrate of aiuiuonia by acetate of lead 
and decompo.sing the precipitate by dilute sulphuric acid. 

THE COLORING MATTER OF FLOWERS. 

The results obtained by Sir John Ilerschel on the eolorino: juices of 
flowers are too reinarkalfle to be omitted in a treatise in which it is 
desiralile that every point should be registered ui) to the date of jiub- 
lication, which connects itself with the phenomena of chemical change 
applied to photography : 

In operating on the colors of dowers I have nsuallj' ijrocoeded as follows : 
The petals of the fresh dowers, or rather such parts of them a.s possessed a 
nniforin tint, were crushed to a pulp in a marble mortar, either alone or with 
addition of aleolud. and the juice e.\i>ressed l>y sipieezing the puli) in a clean 
linen or cotton cloth. It was then si)read on i)iip<-r with a dat brush and dried 
in the air without artifleial heat, or, jit most, with the gentle warmth which 
rises in the ascending current of air from an Arnott stove. If alcohol bo not 
added, the iipplication on paper must be j)erformed imniedi.-itely. since exi)osur(' 
to the air of tlm juices of most dowers (in some cases oven but for a few 
minutes) irrecover.-dily clmnges or destro.vs their color. If alcohol be present, 
this change does not usiuilly take phice or is much retarded, for which reason, 
as well as on account of certain facilities afforded by its admi.xture in procur- 
ing an even tint ito lie presently stated), this addition was commonly but not 
alwiiys made. 

Most dowers give out their coloring matter rciulil.v enough either in alcohol 
or water. Some, however, as the Escholzias jind Calceolarias, refuse to do .so, 
and reiiuiro the addition of alkalies ; others of acids, etc. When alcohol is 
added, it should, however, be observed that the tint is often apparently much 
enfeebled or even discharged altogether, and that the tincture when spread on 
paper does not re:ippear of its Idue intensity till after complete drying. The 
temporary destmetion of the color of lilue heartsea.se by alcohol is curious, nor 
is it by any means a singular instance. In some, but in ver.v few c;ises. it is 
destroyed, so :is neither to reapjiear on dryiu,g nor to be capable of revivtd by 
any means tried. And in all cases long keejiing deteriorates the colors and alters 
the qualities of the alcoholic tinctures themselves, so tlmt they should tilways 
he used as fresh as possible. 

If pai)ers tinged with veget!d)le colors are intended to be preserved, they 
must be kept perfectly dry and in darkiu'ss. A close tin vessel, the air of 
which is dried by (luicklime carefully inclosed in double paper bags well 
pasted at the edges to prevent the dust es<-aping. is used for this purpose. 
Moisture, as already mentioned. «'spei-ially assisted l)y heat, destroys them for 
the most inirt r;ii>idly. though some, as the color of the t^riircio .•<pteiiden‘<. n'sist 
obstinately. Their dt'structibility by this agency, however, seems to bear no 
distinct relation to their idiotogiaipliic proi)erties. 

This is also the phicc to ot)serve that th<> color of a llower is by no means 
always or usually tlmt which its expressed juice imparts to white p;iper. In 
many cases the tints so imparted have no reseinlilance to the original hue. 
Thus, to give oidy a few instances, the red damask rose, of that intense variety 
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of color couunoiily culled liy florists the lilack rose, tti'^f's u dark slate bine, .as 
do also the clove carnation and the black hollyhock; a tine dark brown variety 
of sparaxis give a dull olive jtreeii. and a beautiful rose-colored tnlij) a dirty 
bluish-green: but jierh.aps the most striking case of the kind is that of a 
common sort of red liojipy (i’a/a/rcr Rhciiiii), whose expressed jnice imi)arts 
to pai)er a rich and most Ixsiutiful blue color, whose elegant i)roperties as a 
photographic material will be further alluded to hert'after." 

This change of color is probably owing to different causes in different flowers. 
In some it undoubtedly arises from the escape of carbonic acid, but this, as a 
general cause for the change from ri-d to blue, has. I am aware, been contro- 
verted. In some fas is the case with the .vellow ranunculi) it seems to arise 
from a chemical alteration dei)ending on ahsori»tion of oxygen : and in others, 
esiiecially where the expressed juice coagulates on standing, to a loss of 
vitality or disorganization of the molecules. The fresh i)et:il of a single flower, 
merely crushed by rubbing on dry paiier and instantly dried, le.aves a stain 
much more nearly approximating to the original hue. This, for exami)le. is 
the only way in which the fine blue color of the common field veronica can be 
imparted to p.aper. Its exiiressed juii.-e, however quickly prepared, when laid 
on with a brush, aft'ords only a dirty neutral .gra.v. and so of many others. But 
in this way no even tint can lie had. which is a first reipiisite to the exiieriinents 
now in question as well as to their ai>plication to photography. 

To secure this desirable evenness of tint the following manipulation will 
generally he found sui'<-essful : The iiajM-r should lie moistem'd at the back by 
sponging and l)lotting oft'. It shotild then be iiinned on ji bo.-ird. the moist side 
downward, so tliat two of its ed.ges )sni)post‘ the right-hand and lower ones) 
shall project a little lievond those of the board. 'I’lie lioard lieing then inclined 
twenty or thirty degrees to the horizon, the alcoholic tincture ( tni.xed with a 
very little water, if the pet.als themselv(‘s be not very juic.v) is to be applied 
with a lu'usli in str<)kes from left to right, taking care not to .go over the 
edges which rest on tiu‘ bo.*ird. but to pass clearly over those which project, 
and observing ;ilso to carry the tint from below fq)\A';ird by (juick sweeping 
strokes, h'.aving no dry spaces b»‘tween them, but keeping up a continuity of 
wet surf.-ice. When alt is wet, cross them l.y anotlier set of strokes from 
above downward, so nuan.-iging the brush as to le.ave no floating liquid on the 
pai)er. It must then be dried as ([uickly as [lossible over a stove or in a cur- 
rent of warm air. avoiding, however, such heat as may injure thi' tint. The 
I)reseuce of alcohol iireveids the solution of the gummy j)rinci]ilo. which, when 
present, gives a sniear.v surface: but tlie evenness of tint .given by this process 
results chiefly from that sin.gular intestine movement which always takes 
place when alcohol is in the .act of separ.ation from water liy evaporation a 
movement which dis]ier'es knots and blots in tile him of liquid with great 
energy and spreads them over the sui'rounding surface. 

t'orc/onatv japoa/cq.— The flowers of this common and hardy but highly orna- 
mental plant are of a fine jadlow. somewhat inclining to orange, and this is 
also the color wln<-h the expressed juiia- imparts to |ia|)er. .Vs the flower l)egins 


to fade the jirtah irliitci. .an indication ot tlaar ]ihotogr:iphic sensibility whicli 
IS anqiiy verified on ex|)osure of the stained p.aper to sunshine. I h.ave hitherto 
met with no veget.alile color so s(aisitive. If the flowers be gathered in the 
height ot their seasiai, iiaper so imlored (which is of a very beautiful and even 
yellow) begins to discolor in ten or twelve minutes in clear sunshine and in 


« .V seniicultivated variety was used having dark jmrple spots at the bases 
of tile Iiet.als. The common red popi.y of the chalk (/'apucicr li i/hridtlin ) gives 
a lairple color much less sensitive and beautiful. 
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half an hour is oomi >10104' whitened. The color seems to resist the first iiuiires- 
sion of the liftlit. as if by some remains of vitality, which, heint; overcome, the 
tint Kives way at once, and the discoloration when coiumencod goes on rapidly. 
It does not even cense in the dark trhen once hennn. Hence it happens that 
photographic impressions taken on sui-h i)aper, which when fresh are very 
shar]) and heautiful. fade by keej>ing. visibly from day to day. however carefully 
I)reserved from light. The.v recjuire from half an hour to an hour to comi)lete, 
according to the sunshine. Hydriodate of potash (-autiously applied retards 
considerably, hut does not untimatel.v la'event this spontaneous ilischarge. 

Coininon t('n ireeks' stoehs: Miithiolii aiuniii. — I’aper stained with the tinc- 
ture of this flower is changi'd to a vivi<l scarlet by a<-ids and to green by alka- 
lies. If ammonia he used, the red r-olor is restored as the ammonia evaporates, 
proving the absence of any acid unalit.v in the coloring matter sufliciently ener- 
getic to coerce the eiastic force of the alkaline gas. Suli)hurous acid whitens 
it. as does the alkaline suli>hites, but this eft'e<-t is transient, and the red color 
is slowl.v restored b.v free e.\]>osure to air, especially with the aid of iight, 
whose influence in this case is the more remarkabie. being exactiy the reverse 
of its ordinar.v action on this coloring principle, which it destroys irrecoverably, 
as al)ove stated. Tht' following experiments were made to trace and iilustrate 
this curious change • 

Two photo, graphic coi>ies of engravings taken on pap(>r tinted with this color 
were placed in a jar of sulphurous-acid gas. by whii-h they were completely 
whitened and all trai'cs of the i>ictures obliterated. They were then exposed to 
free air, the one in the dark, the other in sunshine. Moth recovered, but the 
former much more slowly than the latter. T’he restoration of the picture 
exposed to the sun was completed in twenty-four hours, that in tlu’ dark not 
till after a lapse of two or three days. 

A slip of the stained p;ii>er was wetted with liiiuid sulphurous acid and laid 
on blotting p.-iper similarly wetted. Being then crossed with a strip of black 
paper, it was laid between glass plates and (evaporation of the acid being thus 
prevented) was expose<l to full sunshine. After some time the red color (in 
spite of the prestmce of the acid) was considerably restored in the portion 
exfiosed. while the whole of the i>ortion covered by the black paper remained, 
of course, perfectl.v white. 

Slips of paper stained as above were placed under a receiver beside a small 
cai)sule of li(piid sulphurous acid. When eompletel.v discolored they were .sub- 
jected (on various occasions and after various lengths of exposure to the acid 
fumes, fi'oni half an hour to man.v da.vs) to the action t)f the spectj'um. and it 
was found, as. indeed, I had expected, that tlt<‘ restonition of color irns o/ier- 
uted hi/ iiit/s eoniitleinentiii 1/ to those irhich destroi/ it in the nutunil state of 
the iinper. the violet rays being chiefly a< tive. the blue almost eiiually so, the 
green little, and the yellow, orange, and most refrangible red not at all. In one 
experiment a pridty well defined red solar ima,ge was deveIoi)ed by the least 
refrangible red rays .also, being pi:e<asely those for which, in the unprei)arod 
paper, the discoloring action is abru])tly (ait off. Hut this spot I never suc- 
<e(’d('d in reproducing: and it ought also to be mentioned that, aca-ording to 
diffta-ema^s in the pia'[iaration not obvious, the degn’e of sensibility, generall.v, 
of th(> bleached ]>,aper to the restor.ative action ot li.ght diffca-ed greatly, in some 
cases a i>erceptible reddening being produced in ten si'conds and a consideiaible 
streak in two minutes, while in others a very lon,g time was reipihaal to iiroduce 
an.v ellect. The dormancy of this colorin.g la-inciiile under the influence of sul- 
phurous acid is well shown by dropping a little weak sulphuric acid on the 
liaper bleached by that gas, which immediately restores the red color in all its 
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vigor. In like manner aikalie.s restore the color, converting it at the same time 
into green. 

Papavcr oricntuk '. — TTie chemical habitudes of the sulphurous acid render it 
highly probable that its action in including a dormant state of the colorific 
principle consists in a jjartial deoxidizenient. uu.-iccompanied. however, with 
disorganization of its niolecult^. .Vnd this view is corroborated by the similar 
action of alcohol already spoken of — similar, that is, in kind, though less com- 
plete in degree. Most commonly vegetable colors weakened by the action of 
alcohol are speedily restored on the total evaporation of the Ingredient. But 
one remarkable instance of absolute doi-mauc.v induced by that agent has 
occurred to me in the case of Piiptirpr orirntolr. a tiower of a vivid orange 
color, l)ordering on scarlet, the coloring matter of which is not e.\:tractable 
otherwise than by alcohol, and then only in a state so completely masked as to 
impart no more than a faint yellowish or pinkish hue to paper, which it retains 
when thoroughly dry, and a[ii>nrently during .iiiy length of time, without per- 
ceptible increase of tint. If at any time, however, a droii of weak acid be 
applied to paper prepared witli this tincture .a vivid s<-arlet color is immediately 
developed, thus demon.strating the continued tliough latent existence of the 
coloring principle. On observin.g this, it oi-currcd to me to inquire whetlier. in 
its dormant state, that priucl!)le still retained its suscei)til)ilit,v of being acted 
on by light, since the same [lowerful and delicate agent whicli liad been shown, 
in so many cases as to constitut(* a genenil l.aw, <-apal>lo of disorganizing and 
destroying vegetable colors actually developed miglit easily l)e im'suined com- 
petent to destroy the cainicity for a.ssuming color, in sucli organic matter as 
might possess it. under tlie int1uenc(“ of their otlierwise appropriate chemical 
stimuli. A strip of tlie paper was therefore exiuised for an hour or two to 
the spectrum, luit witliout any sensilile effect, tlie whole surface being (‘qually 
reddened by an acid. As this experiment sutticientl.v indicated tlie action of 
light, if any, to be very slow. I next placed a strip, partly covered, in a south- 
east window, where it remained from .June 10 to August 1!>. receiving the few 
and scanty sunlieanis wliicli tliat interval of tiu' deploralde MiiiiiiK'r of l.SJI 
afforded. WTieii removed, the [lart exposed could liarely lie distiii,guislied from 
the iiart shaded as a tritle yellower. But on aiiplying acid the exposed and 
shaded portions were at once distinguished liy the assumption of a vivid red 
in the latter and tlie former remaining unchanged. 

A mezzotinto picture was now pre.ssed on a glazed frame over another por- 
tion of the same jiaper and abandoned on the uiqier slielf of a greenhouse to 
whatever sun might occur from .Vugust 1!) to Octolier lb. The interval proved 
one of almost uninterrupted storm, rain, and darkness. On removal no apiiear- 
ance whatever of any iuipi’essed picture could ln> discerned, nor was it even 
possible to tell tlie top of till' picture from the liottom. It was tlien exposed in 
a glass jar to tlie fumes of niuriatii- acid, wlieii. after a few minuutes, the 
develoimient of the dormant iiictiire commeiii-ed and slowly proceeded, disclosing 
the details in a soft and pleasing style. Being tlien laid li.v in a drawer, with 
free access of air, tlie picture a.g.iiii f.-uUsl li.v ver\' slow degrees, and on .latiuary 
n, l,k42, was found quite olditerated. Being then subjected to tlie acid vajior. 
the color was reiiroduceil. 

V/'j/o ('hemists are familiar with tlie color of this tiower as a test 

of acids and alkalies, for which, however, it seems liy no means lietter adapted 
tliaii many otliers; less so. iiidi'ed, than that of tiie ] ifilti the coiiinion 

purple iris, and many otliers wliich might be named. It offers, in fact, aiiotlier 
and ratlier a striking instaiii'e of tin* simultaneous existeiii'e of two coloring 
nigredients in tile same liower. comporting themsleves differently, not only in 
regard to light Imt to clieiiiical agents. Kxtracted with alcohol, the Juice of the 
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violet is of a ricli I)iuc eoior, wliicli it iuii)arts in high perfeetiou to papei'. 
Exposed to suiisliine, a portion of this color gives way pretty readiiy, but a 
residual blue, rather inclining to greenish, resists oi)stiuately and reiiuires a 
very much longer exposure ( for whole weeks, indeed) for its destruction, wliicli is 
not even then coiuplete. ITiotograpliic im[iressions, therefore, taken on this 
papei’, thcjugh very prettj . are exceedingly tedious in their iireparation if we 
would have the lights sliarply made out. 

Nptiraj is trieolorK car. — Stimiilatiiuj effect.^ of (tlkaVicx. — Among a great many 
hyl)rid varieties of this genus, lately forwarded to me from the Cape, occurred 
one of a very intense puri)lish brown color, nearly lilack. Tlie ali-oholic extract 
of this flower in its li(iuid state is rich crimson lirown. Spread on paper, it 
imparted a dark olive-green color, which proved perfectly in.sensible to very 
prolonged action, eitlier of sunsliiiie or the spectrum. Tlie addition of carlxiuate 
of soda changed the color of tliis tincture to 'a good giwn. sliglitly inclining to 
olive, and whicli imparted tlie same tint to paper. In tins state, to my sur- 
prise, it manifested rather a higli degree of photograjihii- sensiliility. and gave 
very pretty pictures witli a day or two of exposure to suusliine. When jire- 
liared with the fresii juici' tliere is hardly any residual tint, but if the paper lie 
kejit a great amount of indestructible yellow remains outstanding. The action 
i.s coutined chieti.v to the negative end of the spi'i-trum : all but the first live or 
si.x parts beyond tlie yellow sliow little more than a trace of action. .V plioto- 
graph impressed on this [laper is reddened by muriatic acid fumes. If then 
transferred to an atiiiospliere of ammonia, and wlieii supersaturated the excess 
of alkali allowed to exliale, it is fixed, and of a dark-green color. Botli the tint 
and shariiness of the iiicture. iiowever. suffer in this process. 

[{dl ptipjiji: J'aiKua r Ulii'iiiii — -fmoug the veget.ible colors totally destroyed 
by light, or wliicli leave no residual tini, at least when fresli iirepared. iierliUfis 
the two most rich and lieautiful are those of the red poppy and the double imrple 
groundsel (Sciircio s-p/cadciosj. The former owes its red color in all jiroha- 
bility to free carbonic acid or some other, as the acetic, completely expelled liy 
drying, for tlie cidor its tincture imparts to paper, instead of red is a tine lilue, 
very slightly verging on slate blue. Hut it lias by no means the ordinary 
chemical characters of blue vegetable colors, t'arlionafe of soda, for in.stance, 
does not in the least degree turn the expressed juice green, and wlieii washed 
with the mixture a jiaper results of a light slate gray, hardly at all inclining to 
green. The blue tincture is considerably sensitive, and from the richness of its 
tone and the absence of residual lint, paper stained witli it affords pliotogra)diic 
imiiressions of great be.iut.v and shariuiess, some of wliicli will be found among 
the collection submitted with this fiaper for iiisjiection. 

i^ciHcio splrnilcnx. — ’I'his flower yields a rich purfile juice in great ahuiidance 
and of surprising intensity. Nothing can exceed the ricli and velvety tint of 
jiafier tinted wliile it is fresh. It is. however, not very sensible to liglit. and 
iiian.v weeks are necessary to obtain a good photograliliic inpiression. 

Ill the jirooress of my own researchos on this suliject I found that 
the oreeii colorino- matter of the leaves of herbaceous plants when 
spread upon pajier clianoed witli toleralile rapidity when exposed to 
sunshine. There are. however, some very curious points connected 
with the phenomena of these chan<res wliich demand a far more ex- 
tensive investioration than they liave yet received. 

I find that the juices taken from the liaives in th<> spripo change 
more rapidly than when expressed from the same plants in the 
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autumn, and the juices of those tiowerino: plants which have been 
cultivated under the artificial circnnistances of a storehouse or con- 
servatory are more readily affected than such as are grown in the 
open air. Many of the experiments just described furnish very in- 
structive examides of the operations of the .-'olar rays upon organic 
bodies, from which we may deduce important truths connected with 
natural phenomena. 

II. MiscEijANEor.s Processes. 

HR. rONTOx's PROCESS ( RICH ROM ATE OF POTASIl). 

Under the general term of tlie chi-omatype I would ju’opose to in- 
clude all those processes which involve the use of any of the salts of 
chromium. It was originally introduced to distinguish a particular 
process which I discovered, and published at the meeting of the 
British Association at Cork, in August, isid; but it appears very 
convt'iiient to adopt the princijile introduced by Sir J(dni H(>rschel, 
of grouping the phenomena of photography under special terms 
derived from tin* most prominent chemical prejiaration employed. 

There ai'e many preparations which are affected by light in a sim- 
ilar manner to the salts of silver. Several have been tried as photo- 
graphic materials, but as yet without much success, with the excep- 
tion of the bichromate of potash, which was first announced as a use- 
ful photographic agent by Mr. Mungo Ponton in the Edinburgh Xew 
Philosophical Journal, from which I rjuote Mr. 1’onton‘s own account : 

Wbeii paiier is iiiiiiiersed in the hichroiiiate of jiotaslt it is ]io\yerfally and 
rapidly acted on l)y the sun's rays. Wlion an oluect is laid in the usual way on 
this jiaper the portion exiiosed to the Tuilit s|ieedil,v l)econies tawn.v, passiuf? 
more or less into a deeii oran.se, aeeordin.o to the strenpdh of the li.itht. The 
jiortion covered liy tlie olgects retains the orii'inai lirioht yellow tint which it 
had before exposure, and the oli.ject is tlius represented yellow upon an oranRO 
ground, there la'iuR sevend gradations of shade or tint. aeconliiiR to the 
greater or less de.aree of transp.-irencv in the difterent parts of the oli.ject. 

In this state, of <ian’se. tlie drawing, though vi't.v iieautiful. is evanescent. 
To tlx it. all that is reijuired is carefu! immersion in water, when it will be 
found that those iiortions of llie salt which have not lieen acted on li.v the light 
are readily dl.-solved mit. while those wh.ii-h have lieen exposed to the li.ght are 
conipletel.v Hxed on the pajier, Hy the second jiroeess the oli.ject is olitained 
white ujion an orange .ground and quite permanent. If ex|iosed for inan.v hours 
togethm- to strong snnshine. the color of the ground is apt to lose in depth, but 
not more so than most otlier coloring matters. Tliis action of li.ght on the bi- 
chromate of [Kitasli differs from that n|Hiu tlie salts of silver. Those of the 
latter whi<-h are blackened b.v light are of themselves insoluble in water, and 
it is dilficnit to impregnate pajier with them in a uniform manner. The blacdt- 
eiiing si'cms to be i aused b.v the formation of oxide of siher. 

In the case of the bichromate of jiot.-'sh, again, that salt is excei'dingl.v solu- 
ble, and paper can be easily saturated with it. The agency of li.ght not onl.v 
changes its color, but deprives it of solubility, thus rendering it tixed in the 
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paper. Tliis action appears to consist <iii the diseiisaKouieut of free chromic 
acid, which is of a deep red color and which seems to combine with the iiaper. 
Tliis is rendered more probable from tlie circumstance that the neutral chromate 
exhibits no similar change. 'I’lie best mode of preparing paper with l)icliromate 
of potash is to use a s.-iturated stdntion of tliat s.-ilt. soak the paiier well in it, 
and then dry it rapidly at a l)risk tire, excluding it from daylight. Paper thus 
prepared acquires a deep orange tint on exposure to tlie sun. If the solution 
be less strong or the drying le.ss rapid, tlie color will not be so deep. A pleas- 
ing variety may be made by using sulphate of indigo .along with the l)icliromate 
of ixrtash, the color of the object and of the pai)er being then different shades 
of green. In this waj-, also, the object may be represented of a darker shade 
than the ground. 

Paper jirepared with the bichromate of potash. thoup:h as sensi- 
ticc as some of the papers preiiareil with tlie salts of silver, is much 
inferior to most of tliem ami is not sufficiently sensitive for the 
camera obscura. This paper, however, answers quite well for taking 
drawings from dried plants or for copying prints. Its great recom- 
mendation is its cheapness and the facility with which it can be pre- 
pared. The jirice of the bichromate of potash is about 2 shillings 
jier pound, while the nitrate of silver is 5 shillings an ounce. 

As the deep orange ground of these jiicfures prevents the per- 
meation of the chemical rays of light, it is very easy to procure any 
number of facsimiles of an engraving by transfer from the first 
negative photograph. The correct copies have a beautiful sharpne.ss. 
and, if carefully managed, but little of the minute detail of the origi- 
nal engraving is lost. 

A photograjihic paper prepared with the bichromate of potash 
of another kind is de.scribed by iM. K. Becquerel. He states: It is 
sufficient to stecji a paper prepared in Mr. Ponton's manner, and upon 
which there exists a faint copy of a drawing, in a .solution of iodine in 
alcohol, to wash this ])a}ier in alcohol, and then dry it ; then the 
parts which were white become blue, and those which were yellow 
remain more or less clear. 

]M. E. Becquerel has pursued his investigations into the action of 
the chromic acid on organic compounds, and has shown that the 
mode of sizing the papers influences their coloration by light, and 
that with unsized i)a|)er coloration is effected only after a long time. 
Perceiving that the ])rincij)al reaction resulted from the chromic 
acid contained in the bichromate of potash on the starch iii the size 
of the paper, it occurred to M. E. Becquerel that as starch has the 
jH'operty of forming with iodine a combination of a very fine blue 
color, it should ju'oduce deej) shades of that tint, while the lights 
still remain an orange yellow. 

His method of proci'cding is to spread a size of starch very uni- 
formly over the surface of the paper. It is then steeped in a weak 
alcoholic solution of iodine, and afterwards washed in a great 
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(luantity of waUT. l>y this iinmcwion ii should take a very fine blue 
tint. If this is uniform, the paper is considered fit for the experi- 
ment; in the contrary case it is sized again. It is then steeped in a 
concentrated solution of bichromate of potash, and pressed between 
folds of blotting paper and dried near the fire. To be effective it 
should be very dry. 

It is noAv fit for use. When the copy is effected, which requires in 
sunshine about five minutes, the photograph is washed and dried. 
When dry, it is steeped in a weak alcoholic solution of iodine, and 
afterwards, when it has remained in it some time, it is washed in 
water and carefully dried with blotting paper. l)Ut not at the fire, 
for at a little below 100° F. the combination of iodine and starch 
discolors. 

If it be considered that the drawing is not sufficiently distinct, this 
immersion may be repeated several times, for by this means may be 
obtained the intensity of tone that is desired, which intensiW can be 
changed at will by employing a more concentrated solution of iodine. 

IWien the paper is damp the shades are of a very fine blue, but 
when it is dry tlie color becomes deep violet. If while the drawing is 
still wet it be covered with a layer of gum arabic the color of the 
drawing is greatly presei'ved and more beautiftil wlum it is cliy. 
When a itaiter is thus prepared it loses at first a little of its tone, but 
it afterwards [treserves its violet tint. 

THE CIIUOM.VrYPE. 

This process, devised by the author, is a pleasing one in its re- 
sults. It is exceedingly simple in its manipulatory details and pro- 
duces very charming positive pictures by the first application. The 
chromatype is founded on the above process of Mr. Ponton’s. One 
dram of sulphate of ctqjper is dissolved in an ounce of distilled 
water to which is added half an ounce of a saturated solution of bi- 
chromate of ]iotash. This solution is applied to the surface of the 
paper and when dry it is fit for use. and may be kept for any length 
of time without spoiling. Ildien exposed to sunshine the first change 
is to a dull brown, and if checked in this stage of the process we get 
a negative pictTire, but if the action of the light is continued the 
browning gives way and we have a ])ositive yellow picture on a white 
ground. In either case if the pajjer when removed from the sun- 
shine is Avashed ovei- Avith a solution of nitrate of sih'er a A’ery beau- 
tiful positiA-e picture results. In practice it Avill l)e found advanta- 
geous to alloAV the bleaching action to go on to some extent. The pic- 
ture resulting from this Avill be clearer and more defined than that 
which is procured Avhen the action is checked at the broAvn stage. To 
fix these pictures it is necc.ssary to remove the nitrate of sih’er, Avhich 



Pi AT 





HI8T<mT OF PHOTOGRAPHY. 


181 


is done by Avaahing in pure water. If the water contains any muri- 
ates the jjicture sutlers, and long soaking in such water obliterates it. 
or if a few grains of common salt are added to the water the appar- 
ent destruction is very rapid. Tlie jjicture is, however, cai:)able of 
restoration, all that is necessary being to expose it to sunshine for a 
quai'ter of an hour, when it revives, but instead of being of a red 
color it becomes lilac, the shades of color depending upon the quan- 
tity of salt used to decompose the chromate of silver which forms the 
shadow parts of the jiicture. 

Jklr. Bingham remarks on this process, that if we substitute sul- 
phate of nickel for the sulphate of copper, the paper is more '-ensitive 
and the picture is more clearly developed by nitrate of silver. 

The following modification of this process ])os.<esses some advan- 
tages. If to a solution of the sulphate of co]q)er we add a solution 
of the neutral chromate of potash, a very copious brown precipitate 
falls, which is a true chromate of copper. If tliis precipitate, after 
being well washed, is added to water acidulated with .sulphuric acid, 
it is dissolved and a dichromatic solution is formed, which when 
spread upon paper is of a pure yellow. A very short exposure of 
the paper washed with this solution is (piite sutlicient to discharge 
all the yellow from the pai)er and give it perfect wliiteness. If an 
engraving is to he copied we proceed in the usual manner; and we 
may either bring out the picture Ity jtlacing the i>ap(‘r in a solution of 
carbonate of soda or potash, by which all the shadows !ire represented 
by the chromate of copper, or by washing the paper with nitrate of 
silver. It may sometimes happen that, owing to deficient light, the 
jihotograith is darkened all over when the silver is applied; this 
color, by keejting. is gradually removed and the iticture comes out 
clear and sharp. 

If the chromate of copper is dissolved in ammonia, a beautiful 
green solution results, and if applied to paper acts similarly to those 
just described. 

The chromatype pictures, under certain conditions afford a beauti- 
fid example of the changes which take place slowly in the dark 
from the combined operations of the materials employed. 

If we take a chromatype picture after it has been developed by 
the agency of either nitrate of silver or of mercury and place it 
aside in the dark, it will be found after a few weeks to have darkened 
considerably both in the lights and shadows. This darkening slowly 
increases, until eventually the ])icture is obliterated beneath a film 
of metallic silver or mercury; l)ut while the picture has been fading 
out on one side it has been develojfing itself on the other, and a very 
pleasing image is seen on tlie ba<‘k. After some considerable time 
the metal on the front gi\es way again, the paper slowly whitens. 
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and eventnally the image is presented on both sides of the paper of 
equal intensity, in a good neutral tint upon a gray ground. These 
results, it will Ije remembered, are of a very similar character to 
those already described as peculiar to the amphitjqje process of 
Sir John Herschel. 

THE KEKKOTYPE. 

This process, which is of remarkable .sensibility, was discovered 
by the author and published in the Atheiiieum under the name of 
the " Eiiergiatype : ” from a desire to grouj) all those pictures under 
a general head into which iron salts enter as an clement the present 
name is preferred. The j)re[)aratit)n of the paper is as follows; Good 
letter ])aiier (Whatman's is the best) is washed over with the fol- 
lowing solution, viz : Five grains of succinic acid ( it is important that 
succinic free from any oil of amber or adventitious matter should be 
obtaiiual) are to be dissolvcal in 1 fluid ounce of water, to which are 
added about .j grains ot common salt and half a dram of mucilage 
of gum arable. A'heu dry the paper is drawn over the surface of a 
solution of CiO grains of nitrate of silver in 1 ounce of distilled water. 
Allowed to dry in the dark, the paper is now fit for use, is of a ])ure 
white, retains its color, and may be jjreserved for a considerable 
time in a portfolio until wanted for use. 

The preparation of this paper is by no means difficidt. but requires 
care and attention. The solutions must b(' applied very equally over 
the paper, which should be immediately hung u])on a frame or 
clotheshorsc to dry. Extreme care must be taken that the paper he 
Jiot exposed to light after the nitrate of silver solution has been 
applied until required for use. Many of the disappointments ex- 
perienced by the experimenter-, on the energiatyi:ie are occasioned by 
a neglect of this precaution, as, although no ajjparent effect may have 
l)een produced by the exposure, the clearness of the subscijiient picture 
will lie seriously injured. The succinic acid must also be very imre. 
A e shall now briefly describe the method of applying this process 
to the different purposes for which it is be.st adapted, premising that 
the varying circumstances of time, place, and light will render neces- 
sary such i;io<litications {)f the following du’cctions as the i‘xperience 
of the operator may suggest. As a general I'ule, an open situation, 
sunshine, and. if possible, the morning sun, should be preferred, as 
the image is sharjier and the color produced more intense and less 
affected by the siibsi'qiumt fixing process. 

In the camera, fora building or statue.au exposure of half a minute 
in strong sunshine is usually sufficient; for a portrait, taken under 
ordinary conditions, two or thive minutes are r(H(uired. 

M hen the paper is taken from the eami-ra. nothing is visibh* upon 
it; but by attending to the following directions the latent picture will 
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quickly dev'elop itself. Having mixed together about one dram of 
a saturated solution of protosii] phdte of iron and tvo or throe drains 
of mncilarje of (join nrahio. ponr a small quantity into a flat dish. 
Pass the preiiared side of the jiajier taken from the camera rapidly 
over this mixture, taking care to insure complete contact in every part. 
If the pajier has been sufficiently impre.ssed, the picture vill almost 
immediately apjiear. and the further action of the iron must bo 
stojiped by the application of a soft sponge and plenty of clear water. 
Should the image not appear immediately, or be imperfect in its de- 
tails, the iron solution niav be allowed to remain ujion it a short time: 
but it must then lie kept disturbed by rapidly but lightly brushing it 
up. otherwise numerous black specks will form and destroy the plioto- 
graph. Great care should be taken that the iron solution does not 
touch the back of the jiicture, which it will inevitably stain, and. the 
picture being a negative one. be rendered useless as a cojiy. A slight 
degree of heat will assist the develoimient of the image where the time 
of exposure has been too short. 

The picture should be carefully washed to take off any superficial 
blackness, and may then be permanently fixed by lieing soaked in 
water to which a small (piantity of ammonia, or, better still, hypo- 
sulphite of soda, has been added. The paper must again be well 
soaked in clean water, to clear it from the soluble salts, and may then 
be dried and pressed. 

Exact copies of prints, feathers, leaves, etc., may be taken on the 
succinated paper by exposing them to the light in the copying frame, 
until the margin of the prepared iiaper. which should be left uncov- 
ered. liegins to change color very slightly. If the object to be 
cojiied is thick, the surface must be allowed to assume a darker tint, 
or the light will not have jienetrated to the paper. 

PositivT^ copies of the camera negatives are procured in the same 
manner as the copies of the prints, etc., just described. Instead, 
however, of using the iron solution, the pajier must be exposed to the 
light, in the frame, a sufficient time to obtain perfect copies. The 
progress of the jiicture may be observed by turning uj) the corner of 
the paper, and. if not sufficiently done, replacing it exactly in the 
same position. They should be fixed with hyiiosulphite, as before 
directed. 

At the meeting of the British Association at York in 1844 I 
showed by a series of photograph'^ that the protoxnl pluitr of iron was 
most effective in developing any photographic images on whatever 
argentiferous preparation they may have lieen I'eceived. Every sul)- 
sequent result has shown that with proper care it is the most ener- 
getic agent for develojvng with which we an' ac([uainted. The 
difficulty of obtaining and of preserving the salt free of any peroxide. 
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or a basic salt which falls as a l>rownish-yellow powder, has been the 
principal cause why it has not been so generally employed as the 
gallic acid. This can be insured by adding a few drops of sulphuric 
acid and some ii’on filings to the solution of the protosulphate of iron. 

THE CATALY'SOTYPE. 

This process of Doctor Wood's is capable of producing pictures of 
superior excellence. Owing to the inconstancy of the iodine com- 
pounds, it is a little uiu'ertain. but, care being taken to insure the 
same degree of strength in the solutions, a very unifoi’m good result 
may lie obtained. The process and its modifications are thus de- 
scribed by the inventor: 

Let well-glazed naper (I pn-fer that lalled wove jiost) he steeped iii water 
to which hydrochloric acid has h(>eii .added in the iiropot'tion of 2 drops to 3 
ounces. When well wet. let it lie w.ashed over with a mixture of sirup of 
iodiTie of iron, lialf a dram: water. 21 drams; tincture of iodine. 1 drop. 

When this has remained on tlie pa|ier for a few minutes, so as to lie imhihcd, 
dry it lightly witli liiliulous p.aper. and lieing nanoved to a dark room, let it he 
washed over evenly, li.v means of a eainel-liair jiencil. witli a solution of nitrate 
of silver. In grains to the ounce of distilled water. The paper is now ready 
for the camera. The sooner it is used the hetter. as when tile ingredients are 
not rightly mixed it is lialile to spoil hy keeping The time I generall.v- allow 
the paper to lie exiiosed in the camera varies from two to tliirty seconds; in 
clear weather, without smisliine. the medium is aliout lifteen seconds. With 
a bright light the picture olitained is of a rich hrown color: with a faint light, 
or a liright liglit for a very short time continued, it is black. For portraits 
out of doors, in tlie sliade on a clear day. the time for sitting is from ten to 
fifteen seconds. 

If the light is strong and the view to he taken extensive, the operator should 
he cautious not to leave tlu‘ paper exposed for a longer period than five or six 
seconds, as tlie jiicture vill appear i-onfused from all parts helng eciually 
i'.cted on. In all cases tlie sliortei tlie time in wliicli tlie picture is taken the 
hotter. 

Wtieii the paper is removed from the camera no picture is visilde. However, 
when left in the dark, without any otlier preiiaritioii lieiiig used, for a jieriod 
which varies with the length of time it was exposed and tlie strength of the 
light, a negative pii-ture lievomes graduall.v dexidojied until it arrives at a 
state of perfection which is not attained. I think, hy photography jiroduced by 
any other process, « it would seem as if the salt of silver, being slightly 
affected h.v the light, tliongli not in a degree to produce an.v visilile effect on it 
if alone, sets up a catalytic action, xvhich is extended to the salts of iron and 
which cmitimics after the stiniulns of the light is withdrawn. Tlie catalysis 
which tlien t.ikcs place lias induced mo to name this process, for want of a 

"The ]iicture wlien devoloiicd is not readil.v iii.jureil liy exiiosure to moderate 
light. It ought, however, to he fixed, which may he done h.v washing it with 
a solution of hromide of potassium. I."! or 2o grains to tile oimce, iodide of 
Iiotassimii, .'i grains to tlie ounce. It may eitlier lie applied with a caiuel’sdiair 
Iiencil or liy iimiicrsion. 'I'lie jiicture must tlieii lie will waslied ill water to 
remove tlie fixing material, whicli would cause it to fade by exposure to light. 
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better word, the “ calalysotype.” Sir J. Ilerscliel and Mr. Fox Talbot have 
remarked the same fact with regard to other salts of iron. Imt I do not know 
of any process l)elng employed for ])hotograi)hie purposes which depends on 
this action for its development except my own. 

My reason for using tlie muriatic solution previous to washing with the iodide 
of iron is this : I was for a long time tormented by seeing tlie pictures spoiled 
by yellow patches and could not remedy it until 1 observed that they presented 
an appearance as if that ]i<irtion of the nitrate of silver which was not decom- 
posed by the iodide of iron had flowed away from the juirt. I then recollected 
that Sir .T. Herschel and Mr. Hunt bad ))roved that iodide of silver is not very 
sensitive to light unless some free nitrate be present. I accordingly tried to 
keep both together on the paper, .ami after many plans had failed I succeeded 
by steei)iug it in the acid solution, which makes it freely and evenly imbibe 
whatever fluid is presented to it. I am sure that its utility is not confined to 
this effect, but it was for that pui'iKtse that I first emiiloyed it. 

My reason for adding the tincture of iodine to the sirup is. that having in my 
first exjieriments made use of. with succvss. a sirup that had been for some time 
prepared, and afterwards remarking tliat fresh sirup did not answer .«o well. I 
examined both and found in the former a little free iodine. I therefore added 
a little tincture of iodine with much benefit, and now always use it in quanti- 
ties proportioned to the age of tlie sirup. 

The following iiints wili. I think, enable any experimenter to be successful 
in producing good pictures by this process: In tlie first place, the paper used 
should be that called " wove post.” or well-glazed letter paper. Wlien the solu- 
tions are aiiplied to it. it sliould not immediately iiiiiiihe them thoroughly, as 
would liaiipen with the thinner sorts of paper. If the acid solution is too 
strong, it produces the very eft'ei-t it was originally intended to overcome — that 
is. it produces yellow jiatclies. and the pi<-ture itself is a light brick color on a 
yellow ground. When the tincture of iodine is in excess, partly the same results 
occur ; so that if this effect is visible it shows that the oxide of silver which 
is thrown down is i)artly rcdissolved by the excess of acid and iodine, and their 
quantities should ho diminished. On tlie contrary, if the silver solution is too 
strong, the oxide is deposited in the dark or by an exceedingly weak light, and in 
this case blackens the .vellow parts of the picture, which destroys it. AVhen 
this effect of blackeuing all over takes place, the silver solution should be 
weakened. If it be too weak, the imiier remains yellow after exposure to light. 
If the iodide of iron he used in too .great quantity, the picture is dotted over 
with black spots, which afterwards change to white. If an excess of nitrate of 
silver tie used, and a photograph immediatel.v taken liefore the deposition of 
the oxide takes ]dace. there will be often after some time a positive picture 
formed on the liack of the negative one. The e.xcess of the nitrate of silver 
makes the jiaper blacker where the light did not act on it. iind this penetrates 
the iiaper. whereas the darkening jiroduced by the light is confined to the sur- 
face. The maximutn intensity of the spectrum ou the ptiper when a prism of 
crown glass is used lies between the indigo and Idue ray. The difference of 
effect of a strotig and weak light is beautifully shown in the action of the 
spectrum : that part of the paper which is exposed to the indigo ray is colored 
a reddish brown, and this is gradualiy darkened toward either extremity until 
it becomes a deep lilack. 

I have not had many oiiportuuities of experimenting with the catalysotype, 
but it certainly promises to re])a.v tiie trouble of further investigation. The 
simplicity of the iirocess and tlie sensibility of the pajier sliould cause it to be 
e.xtensively used. It has all the beauty and quickness of the calotype, without 
SM 1905 16 
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its ti-diilili' and vory little of its uncertainty, ami if the more frequent use of 
it by me. as comiiai'ed with otlier proeesses. does not make me exagjrerate its 
faeilify of oiieratiou I think it is likely t<t he praetieed successfully by the 
most onliiiary experimenters. 

lloctor Woods sii1)se([ueiitly made the following addition: 

Since the preceding ii.qier was written T liave been experinnmtiug with the 
catalysotyiie. and one day. having liad many failures, which was before quite 
unusual witli me. I am induced to mention tiie <-anse of tlieiii for tlie lieiietit 
of suliseipicmt e.xperimeutcu's. The i.aper 1 used was veaw stiff and Iiighly 
glazed, so tliaf flic* solution first a|iplied was met easily iuiiiilied. Tlie Idot- 
ting paiM'r was very dry and liiimlous. When using tlie latter I removed 
nearly all the solution cef iron from the lirsi. and of course did not olitain the 
desii-ed result. 

While' v.arying the process in endeavoring to find out tlie cause just lucm- 
tioned. 1 discovi'red tliat tlie following proportions gave very tine negative pic- 
tures. from ivliieh good iiositivo ones were olitaiued ; I'ake of sirup of iodide 
of iron, distilleil water, eacli 2 drams; tineiure of iodine, lb to 12 drops; mix. 
First iirti'h tins o\er the paper, and after tile few minutes, liaviug dried it 
witli till' hlottiiig paper, wash it over in tlie dark ( liefore exposure in the raniera I 
with till' following solution by means of a cainel-liair peiieil ; Take of nitrate 
of sii\(>r 1 dram: imro water. 1 ounce: mix. 'this gives a darker jiicture 
tliaii tlie original in'ep.iration. and consequently one bettei- adaiited for obtain- 
iug positive ones: it also requires no previous steeping in an acid solution. 
To fix tile picture, let it be washed lirst In water, then allowed to remain for 
11 few minutes in a solution of iodide of iiotassium l.j grains to the oniice of 
widen and washed iti water again. Tlie paper I use is tlie eoniiiion ntiglazed 
eoliy paper, luit sneli as lias a giM.xl liody. I have tried tlie same pajier witli tlie 
original preparation ami find it to aiiswoi' exi-oedingly well. It does not require 
in tins 1 ase. eirlier. an acid solution Tlie sonie jirecautions and liints apply 
to the amended as to the original procoss. sucli as wlieii it blackens in tlie 
dark tliere is tico mucli caustic used: when it remains yellow or that it is stud- 
ded with yellow sp(]ts. too mucli iodine: wlii'ii marked witli iilack s|iors. too 
mucli iron. It is iiecessarr to iiiemioii the.se on ac(.'ount of the varying strength 
of the iiiaTermls employed. 

I'Kltlaif'Y.t.MDE <d' I’O'tASSJl yi. 

At the meeting of the liriti'li Asscieiation at Plymouth in lf^41 I 
tif't ilii'eeteil attention to tlie Use of tlie feiToeyaniih' of potassiuni 
in romhination with the iodide of silver. The pfoeess resulting from 
this heiiig very imjiortam in many points, the abstract of the paper 
tin'll read, a- giteii in the d’raiisactions of the Sections, is reprinted. 

Till' author having been engaged in e.xpc'riments on those varieties 
of photographie drawings which art' formed liy the action of the 
livdriodic spits on the darkeneil chloride of silver, and with a view 
to the removal of tlie iodide foi'med liv tlie proei's' from the paper, 
was led to olisi'rve some peeidiar change.' jirodnci'd liv the combined 
iidlneiices of sunshine and tlu' ferroeyanidt' nt ]iotass[nni. It was 
found that the ordinary photographic paper, if allowed to darken 
ui sunshine, and then 'lightly acted on by iinv hydriodic solution, 
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and yIu'ii dry wablird with a bolutioii of the ferroryanidt' of potas- 
piiun. bfcaiiie extremely sensitive to linlit. eliangino- from a light 
brown to a full blaek by a moment's exposure to sunshine. Follow- 
ing out tliis result, it was diseoyered that pmtVetly jjure iodide of 
silyer was acted on with eyen gnaiter raj^idity. and thus became easy 
to form an ex(inisitely sen-itiye photographic })aper. 

The method recommended is the following: 

Highly glazed letter j^aper is washed oyer with a solution of 1 
dram of nitrate of silyer to an onnc(‘ of distilled water; it is 
([iiickly dried and a second time washed with the snnie solution. It 
is then, when dry, j)laced for a mimiti' in a solution of 2 drams 
of the iodide of potassimn in (i ounces of water, placed on a smooth 
board, gently washed by allowing M)me water to How oyei' it. and 
dried in the dark at common temperatures. I*ai)ers thus prepared 
may be kejd for any length of time, and are at any time rendered 
sensitiye by sim[)ly washing them oyer with a solution formed of 
1 dram of the feriaa-yanide of potassium to an ounce of water. 

These papers, wa-hed with the ferrocyanide and dried in the dark, 
aip. in this dry state, absolutely insensible, but the\' may at any 
moment be rendered stmsitive by merely washing them with a little 
cold clean tvater. 

Papers thus prei)ared are rendered tpiite insensible by being washed 
oyer with the aboyi' hydriotic solution.. They are. howeyer. best 
secured against the action of time by a solution of ammouia. 


THE IT.tOROTYEE. 


The fliiorotype. so called from the inti’odiiction of the salts of 
fluoric acid, consists of the following process of mani 2 )ulation : 


Bromide of pota.'^^iuni At graiu.^. 

Distilled water.. Itluidouiiee. 

Fluoriite >>1’ SDdiiiiii. .j grains. 

r)istille<l water 1 tluiilf>anee. 


Mix a small quantity of these solutions together when the jtajters 
are to be 2 )repared. and tyash them once oyer with the mixture, and. 
when dry, ajtjtly a solution of nitrate of silver. (iO grains to the ounce 
of water. These pajters keep for some weeks rvithout injury amt 
become imjn’essed with good images in half a minute in the camera. 
The ini[)reNsion is not suflieiently strong when remoyed from the 
camera for 2 )roducing i)ositiye itictnres. but may be rendered so by 
a secondary ju’oeess. 

The ])hotograjth should first be soaked in water for a few minutes 
and then j)laced iqjon a slab of janrelain. and a weak solution of the 
Itrotosidi^hate of iron brushed oyer it; the picture almost inime- 
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duitc'ly acquirer an intense i-olor, -wliifli should then he stopped 
ilireetly hv pluiijjfiiifi' it into water xlii/htfij aeidnlated with niiiriatic 
aeid. or the hlackeiiiuii- will extend all over the paper. It may be 
tixed 1)V bein^ soaked in water, and then dipped into a solution of 
livposnl^ihite of soda and ajrain soaked in water as in the other 
pro(‘(‘sses. 

Air. Bingham has the following remarks on this proeess. and he 
gives a moditied form, into whieh a new photographic element is 
introduced : 

We tind it is liettei' to add to the iii-otosiil|diate ot iron a little aeetie or 
sul|ilinri<' acid: this will he feiliul To jireveiit the d.arUening of the lights (jf the 
ideture to a gre.it <',\tent. and it will l>e foiinil better not to iirejian' the iiaiier 
long before it is regnired for use. this lieing one reason why the picture often 
lieeonies dusky on apiilieatioii of tlie iirotosulpliate. 

Reasoning u|ion the principle tlia.l the action of light is to reduce the salts of 
silver in the paper to tln' nietallie stan . and that any siihstaneo whieli would re- 
duee silver would also (piiokoii the action of light, we were h'd to the following 
exporiinent : d'ho ]ir<itoeldorido 4>f tin possesses the propert.v of reducing the 
s.-ilts both of siher and gidd. .V paper was jirep.ired with the hroniide of silver, 
and previously to exposing it lo liglil it was washed over with a very weak solu- 
tion of the chloride id' lin. The .-letion of light upon the jiaper was e-Xei‘edingl,v 
oiiergetie: it was almost insi.iiitaneously hlaekened. and a copy of a print was 
ohtaiiK'd in a few s(ieiinds. 

The u-e of lluoi'ides hu' been recently introduced as a novelty Iw 
some Fi'i'iich photographers, but reference to the antlior's Researches 
on Liglit, ihihlislu'd in lisfl. will distinctly slmw that T was the first 
to enqtloy these 'alt' a' photographic agents. 

I’.ito.Miiii: Id' .sii.vrii .\xi) xiritct iii.ti. v.vPoit. 

In my first jtiililicatioii on this siihjeet. in ( rriffiii's Scientific Alis- 
eellany, f introduced the following process, whieh. although it has 
never yet i)(>en pro[)erly worked out. involves many points of interest: 
Some extremely curious results led me to e.xaiiiine the etieet of the 
niereiirial vapor on the piii-e precipitated iodides and bromides. I 
was long pei'iilexed with exceedingly anomalous results, lint, being sat- 
isfied fi’oiii particiihir exjiei’iments that these researches jironiised to 
lead to the discoxiTv of a 'Cii-itive pri'paration. I persevered. 

To ]ire])ai'e this sensitive pajaw we proei'ctl us follows: Select the 
most perfect slwets of widl-glazed satin post, (ptite free from sjieeks 
I'f any kind, riacing the sheet earernlly on some hard body, wash it 
over on one side by means of a very soft eamel's-hair jteneil with a 
solution of lio grains of the bromide of potassium in '2 tinid ounces of 
distilled wati-r and then di-y it ([iiiekly by tlie fire. Being dry. it is 
again to he washed oxer with the same solution and dried as before. 
Xoxv, a solution of nitrate of silver, iqfi grams to tln‘ fluid ouikt' of 
distilled xvaler, i' to he a 2 ) 2 )lied over the same surface and the 2 aaper 
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quickly dried in the durk. Tii thi^ state tjie papers may be kept for 
use. When they are re([uired the above solution of silver is to be 
plentifully applied and the pajjer placed tret in the camera, the 
greatest care beino- taken that no davlight. not e\eii the faintest 
gleam, falls upon it. until the moment when we are prei)ared. by re- 
moving the screen, to pei'init tlie light radiated from the objects we 
wish to coipv to act in producing the jjicture. After a few seconds 
the light must be again shut otf and the camera removed into a dark 
room. It will be found on taking the paiier from the box that there 
is but a very slight outline, if any. as yet visible. Place it aside in 
perfect iliirloicKx until (juite dry. then fix it in a mercurial vapor box 
and apjdy a very giuitle heat to the mercury. The moment the mer- 
cury vaporizes th<‘ picture will begin to develop itself. The spirit 
lamp must now be ivmovc'd for a short time, and when the action of 
the mercury appears to cease it is to be very carefully applied again 
until a well-defined })icture is visible. The vai^orizatioii must now 
be suddenly stopped and the j)hotogra))h removed from the box. 
The drawing will then Ik' very beautiful and distinct, but much de- 
tail is still clouded, for the development of which it is only necessary 
to place it cautiously in the dark and allow it to remain undisturbed 
for some hours. There is now an inexpressible clnirm about the ]jic- 
ture. equaling the delicate beauty of the daguerreotypes, but being 
still v('ry susceptible of change it must be \iewed by the light of a 
taper oidy. The nitrate of silver must now be removed from the 
paper by well washing in soft water. A'lien the* jticture has been 
dried wash it ([uickly over with a soft brush dipped in a warm solu- 
tion of the hyposulphite of soda and then .well wash it for some time 
in the manner directed foi' the ordinary photograi)hs in order that 
all the hyposulphite may be removed, I’ln' drawing is now fixed, 
and we may use it to i)rocui'e posit iv(‘ j)ictures. many of which may 

be taken from one original. 

^ 

III. PtlOTOCiRAl’IlS OX (ll.ASS PuATES AM) IlF.CF.XT IaI CROVF.A tEX^TS. 

To Sir John llerschel we are indel)ted for the first use of glass 
plates to receive sensitive photograpliic films. 

I'KECIl’lTATES OF SlLVtat SALTS. 

The interest which attaches to this is so great and there appear to 
be in the process recommended by the English ex])erimentalist so 
many suggestive points from which future j)hotographists may start 
that the passages are given in Sir John Herschel's own words: 

With a view to ascertain how far organic matter is inUispensahle to tlie raihd 
discoloration of argentine componiuts. a process was tried whii-h it may not lie 
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amiss to relate, as it issued iii .a new and very [iretty variety of the iihotoiiraiihie 
art. A soUnieii ef salt of exireiiie dilution w.is mixed with nitrate of silver 
so diluted as to form a liquid only slmditly milky. This was iioured into a 
somewhat (hH'p \t‘.ssel. at the holtom of w hii'h la^ hoi izoiitallv a ^el,^ (.U.iu 
glass iilate. After many days the greater part of the liquid was decanted off 
with a siphon tube anil the hast portions very slowly and cautiously drained 
away, drop hv drop, hy a siphon composed of a few tihers of heiui) laid jiarallel 
and moistened without twisiing. The glass was not moved till quite dry and 
was found coated with a jiretty uniform tihn of chloride of silver of delicate 
tenuity and chemical purity, which adhered with eonsideralde force and was 
tery sensitive to light. On dropping on it a solution of nitrate of silver, how- 
ever, and spreading it ovia- hy im lining the plate to and fro (which it hore 
without discharging the lilm of chloride i it hecanie highly sensitive, although 
no organic matter i ould have heeii introduced with the nitrate, which was 
quite pure, nor could any indeed have heen pre.sent. unless it he supposed to 
have emanated fnan the hempen tilameiits. which were barely in contact with 
the edge of the glass and whh h were constantly matter from its 

surface in idace of introducing new. 

Mxtiosed in this ■~tate to the focus nf n camera with the glass toward the inci- 
dent li.ght it hecaiiK' impressed witli a reniarkahly well-delini'd negative picture 
which was direct or reversed, .tccording .is looked at from the front or the hack. 
On iiourin.g over this cautiously, hy me.ins ipf a jiiiiette. a solution of hyposul- 
phite of soda the [ucture disappe.ired. Imt this wais only while wet. for on wash- 
ing in pure water and dining il w.is restored and assumed much the air of a 
daguerreotype whiai l.ihl on a hl.n-k ground, and still more so when smoked at 
the hack, the silieivd portions retlei-ting most light, so that its characters had in 
fact changed from negathe lo posphe. From sm-h a picture (of course hefore 
smoking) I hate found it pr.n ticahle to take photographic cojjies. and although 
I did not iti fact suci-eed in atrempiing to thicken the tllni of silver hy con- 
necting it tinder a weak solution cf that metal with tlie reducing polo of a 
voltaic pile, the atteiiqit affonh'd dislimt indications of its iiracticaliility witli 
p.itieiice and pei severance, as here and ilnTe over some sin.ill portions of the 
Mirf.ice tile lights li;id assutned a fttll tnetallie lirilliancy under tins process. 

I would only inention ftirtlier to tliosi' w lio nia.v tliiiik tins experiment worth 
repeating tliat all niy attempts to secure a good result h\ drying the nitrate 
in the tihn of i-hloride h.-tve tailed, the crystallization of the salt disturhing 
the uniformity of tlie co.iting. To olit.iin <leltcafe ]iictttt'es the ]>late must Ik> 
exposed wet. and when withdt.iwn mttst iinmediately he jiltitiged into water. 
The nitrate being thus alistr.n ted. the pl.ate may then he dried, in which state 
il is half tixed. atid it is then n-ady for the hyposuljihite. Such details of 
matiipulation ma.\ apipc.ir minute, hut they i-an not he dis]iensi-pl with in prac- 
tii-e. atid i-nst .1 gifat dc.il ipf lime .ind trppuhh> tip disi-ppver. 

'Phis nippile ipf '•I'ating glass with tilnis ppf precipitatiMl argimtitie ipr other cipiii- 
piptinds affpirds. it may he iplpseiwi'il. the mi/i/ I'ffep-tual nipains ppf stuilying their 
liahituplp's Pin p'Xpipsttri* fpp light, iifi' Itppin tin* pppwp.'rfttl ami (pvpq’-yni.yino inflti- 
pqip-p* ppf tltp* in jpaippq* .mil otlip’r m.itp‘ri.ils ttsi-pl in its manufai'ture. anil esti- 
mating their ilegriM' of .si-nsilnhty ami otln-r partii-ulars of thi'ir deiiortinent 
ttmli’r the inthii'mi' of re.igimts I timl, lor exanipli'. that glass so i-oati'il with 
the ioiliile of silviq' is mti'-h niori' sp.nshi'.i’ than if siniil.irly I’overeil with the 
1-111011110. .mil that if hoth hi* w.ishi'ii with oni‘ .mil tin- same solution of nitrate 
thi-ri' is no i-oniparisoii in rp'sipp.p 1 of this valuahle iiiiality. the ioiliile heing far 
superior, and. of iimrse. to he ailopied in preferem e for the use of the camera. 
It is. howeier. tiiore diiliinlt to fix. the action of the hypnsuliihites on this com- 
ipounil of silver heing comji.iratively slow and feehle. 
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When the glass Is coated with tlie bromide of silver, the action per se. is verj- 
slow. and the discoloration ultimately produced far short of blackness; but 
when moistened with nitrate of silver, sp. gr. I’l. it is still more rapid than 
with the iodide, turning (juite black in the course of a very few seconds' ex- 
posure to sunshine. Plates of glass thus coated may be easily preserved for 
the u.se of the camera, and have the :idv;inta,ge of being ready at a moment's 
notice, requiring nothin,g but a wash over with the nitrate of silver, which may 
be delayed until the image is .-ictually thrown on the plate and adjusted to the 
coi'rect focus with all delil>eration. 'I'lie sensitive wash lieing then ai)plied 
with a soft, flat cameTs-hair brush, tiie liox iiiaj" I)e closed ami the picture im- 
pressed: after whiih it onlj- reijuires to be thrown into water and dried in the 
dark to i)e rendered comparatively in.sensil)le. and may be finally fixed with 
hyposulphite of soda, which must lie applied hot. its solvent power on the 
bromide being even less than on the iodide. 

Sir John Herschel suwocstcd :i trial of the fluoride of silver upon 
glass, which, he says, if proved to be decomposable by light, might 
possilily efl'ect an etching on the glass by the corroding property of 
the hydrofluoric acid. 

The metallic fluorides have been found to l)e decomposable, and a 
very sensitive process on paper, called the fluorotype. will be de- 
scribed in the chapter on ^Miscellaneous Processes. I am not aware 
that any experiments have been made directly upon glass, but it is 
certainly worthy of a careful trial. 

Herschel has remarked that we can not allow the wash of nitrate 
to dry u[)on the coating of the chloride or iodiile of silver. If. 
however, we dip a gla.ss which has one film of chloride ui^on it into 
a solution of common salt, aiifl then spread u2)on it some nitrate of 
silver, we may very materially thicken the coating, and thus jtroduce 
more intense elfects. iMr. Towson employed glass jilates iDrepared 
in this manner with much sticcess. The mode adopted by that 
gentleman was to have a box the exact size of the glass jflate. in the 
bottom of which was a small hole; the glass was placed over the bot- 
tom, and the mixed solution, just strong enough to be milky, of the 
salt and silver jjoured in. As the fluid finds its w ay slowly around the 
edges of the glass, it filters out ; the peculiar surface action of the 
solid glass plate, jjrobably a juodified form of cohesive force, sejia- 
rating the fine [)recipitate which is left behind on the surface of 
the plate. Py this means the operation of coating the glass is much 
quickened. Another method by which films of any of the salts of sil- 
ver can be lu'oduced iqion glass jilates. is the following modification of 
the jiatent jU'ocesses of Drayton and of Thonq)son for silvering glass: 
Take a very clear jilate of glass, and having put around it an edging 
of wax about half an inch in depth. i)our into it a solution of nitrate 
of silver made alkaline by a few drojis of ammonia, taking care that 
no oxide of silver is [jrecipitated: mix with this a small quantity of 
spirits of wine, and then add a mixture of the oils of lavender and 
cassia, or, which is ijerhajis the best jtrocess, a solution of gratae sugar. 
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In a short time the glass will be covered with a very beautiful metallic 
coating. The solution is now poured ott. the edging of wax removed, 
and the silver is exposed to the action of diluted chlorine, or to the 
vapor of iodine or bromide, until it is converted into a compound 
of one of these elements, after which we may proceed as recommended 
by Sir John Herschel. 

AI.BVWEX. 

In the Technologiste for 1818. M. Xiepce de Saint-Victor published 
his mode of ajiplying alltunicii to glass plates. M. Blanquart Ever- 
ard followed, and successively albumen, gx'latine, and serum were 
employed. Messrs. Ross and T homson. of Edinburgh, have been 
eminently successful operators with albumen on glass plates, many 
of their pictures leaving little to bo desired. The manipulatorv 
details of the albumen [irocess will be found in the technical division 
of this work. 

COI.I.OOIOX. 

The successful application of a solution of gun cotton in ether, 
to form the film for receiving the sensitive surface on glass, has been 
claimed respectively by Mr. Fry and Mr. Archer. There is some 
difficulty in fixing precisely this point, since there was no actual 
publication of tlie process until long after it was generallv in use. 
Mr. I ry certainly introduced the iise of gutta-percha in combination 
with collodion. 
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By Gaudier F. Williams, Kimlierlt'y. South Africa. 


Chemically the diamond is composed of the element carbon in its 
pure crystallized state. The diamond ci'vstallizes in the isometric 
system and the most common forms are the octahedron and dode- 
caheilron. while the (’il-sided) tetrahe.xahedron is not iiiicommon. 
Cnlie diamonds with bevehal edifes. rejiresenting" the combination 
00 (,) X and x 0 2 are occasionally found in the Bidtfontein and 
Wesselton mines at Kimberley, South Africa. The diamonds from 
variotis mines ha\e distinctive forms of crystallization, or varia- 
tions of the same forms, so characteristic tltat those familiar with 
South African diamond mines and their jiroducts can determine 
jtositivelt’ from which mine any given pared of diamonds has lieen 
obtained. It is not always possible to diUermine the source of each 
individual diamond, for similar stones are occasionally found in 
different mines; but tlu'se are e.xceptions to the rule. There is a dif- 
ference in the luster, shape, or crystalline form of the diamonds 
from the various mines that gives each mine some distinctive char- 
acteristic. In one mine nearly all the crystals are sharp-edged octa- 
hedrons, while in another dodecahedrons with rounded faces pre- 
dominate. Gne might give no end of peculiarities of the diamonds 
from the various mines, but it will suffice for the purposes of this 
paper to state the fact that such distinctive characteristics do occur. 

From this observation it may be concluded that the diamonds in 
the mines of the Kimberley district, which occupies a small area 
(see fig. 1). did not have a common origin. 

The diamond is the most impenetrable of all known substances 
and will scratch any other stone or the hardest steel. During his 
lecture at Kimberley. Sir IVm. ('rookes squeezed a diamond between 

" IteprinteU, with the aiitlior's revision amt aihlitions. from Tr.nisactions 
American Institute of Minini; Knsrineers. Iho.V. Bead at Lake Superior meeting, 
Septeiulier, 

6A lecture delivered before the Btitish Association at Kimherley, September 
5, 190.j. 
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two blocks of steel until the blocks touched ivithout injury to the 
stou(> in the slig-htest deirree. The pressure is said to have been 
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TMiile (Tocoite is the only mineral that exceeds the dispersive power 
of diamond to dissolve white light into rainbow tints, in its powers 
of reflection, refraction, and dispersion taken together the diamond 
is immatched." It is highly phosphorescent, and even the blackest 
diamond is transparent to tin* X ray. The diamond glows under the 
influence of the 11 rays from radium. Diamonds when subjected to 
the action of radium for several months assume a green color, hut 
cut stones when treated in this manner seem to lose part of their 
brilliancy. It is insoluble in all acids, and can easily be burned and 
converted into carbon dioxide. It volatilizes at a temperature of 
about :5.()00'’ C. and passes from the solid to the gaseous state without 
liquefying. 

Sir William Crookes went through the jirocess of producing dia- 
monds before the eyes of his audience, hut was only able to show them 
the result of this experiment by reproducing a lantern slide of 
microscopical diamonds which he had made in the same way pre- 
viously. for it takes a fortnight to separate them from the iron and 
other substances in which they are emhctlded. The scientific prin- 
ciple upon which this exj^eriment rests, according to Sir William 
Crookes, is that molten iron absorbs carbon, and as iron increases in 
volume as it passes from the liquid to the solid state, if the outer 
crust of the iron is siuhlenly cooled and the center remains in a liquid 
state, the enormous pressure caused by its expanding while cooling 
affords the two factors necessary for the crystallization of a dia- 
mond — heat and ju’essure. 

Authorities differ somewhat as to the exact moment when molten 
iron expands on cooling, but it is the generally accepted theory that 
('xpansion talu's place at the moment of .solidification. It is also a 
well-known fact that shrinkage or contraction takes place as the 
solidified metal cools. It is therefore possible to obtain enormous 
pressure in the molten center of a casting by the contraction of the 
outer shell Avhich has been rapidly cooled and the expansion of the 
inner mass just as it begins to .solidify.'' 

It is noteworthy that the diamond is a nonconductor of electricity, 
while graphite and amorphous carbon, substances so closely allied to 
it in chemical comjiONition. are good electrical conductors. By the 
apiffication of friction the diamond can be positively electrified, but 
it very soon loses its electricity. The diamond is easily cleaved in 
])lanes jjarallel to the octahedral face-^. Pieces may be easily broken 
from the facets of a cut stone by striking it with a hard substance. 

« Feiicljt\vaui;er‘s Treatise on Gems. 

American Society Mechanical Engineers, Vol. XVIII, pp. 419 and 4.11; Vol. 
XVII, pp. 1-0 and 1015. 
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So niufh, it may ix' claimed, is known about the physical properties 
of the diamond. i)iit liow th(' diamond ha< been formed or crystallized 
is a (piestion ^till debated l)y M‘ientist'^. 

Tpon the information at liand it mai' be assumed that all diamonds 
found jjrior to tlie diA-overv of the Kindierley pipes or cratei's came 
from alluvial dejio^its and had been wa.-hed down by the disintegra- 
tion of the original matrix. Such was the character of the formation 
ill which the noted dianH)nd^^ of India were found, wliich is de^cribeil 
as a layer of broken sandMtaie. (|nartz. jasper, dint, and granite. 
intcrspoi'HMl with ma■^ses of calcareous conglomerate, the whole lieing 
about :!() feet thick and covered with a few feet of black " cott(jn soil." 
Here wm' the great mines of (iani-Coulour and Gaiii-Parteal. whence 
came the Koh-i-nnr ( 7!>:> carats), the Great iMogul (787..') carats), 
the Regent (41D carats), and many other historical stones." 

The India mines weii' noted mori' for the size and purity than for 
the quantity of the gems tlaw ])rodiice<]. 'J'here had l)een no consider- 
able j)i'oduction of diamonds out'id)* of the Deccan fields until the 
discovery of diamonds in Drazil in tlie year 17i!S. Here, in the 
pro\inc)‘ of iMinas Geraes. ricli beils were o])ened in an alluvial 
deposit of clav. ([uartz [)eld)les. and saii'l, charged with iron o.xide.'' 
In many place- the diamond-bearing strata were buried under 60 
feet or more of alluvial detritus. These deposits occurred along th(> 
rivers, uj) the r.iviues to the ridges and plateaus, where conglomerate 
beds were reaclu'd from which the dei)osits in the rivers had beiui 
washed. I’he coiiglomei'ate was chiefly itacolumite, a micaci“ous 
samlstone. I he sandstone, being a fragmental sedimentary rock, 
was nut the original matrix of the diamond. Probably when the 
sandstone was being fornieil the diamomls wen' washed down with 
the detritus and became eml'eddc'd in it. 

Diamond' ha\'e aho lieeii found in alluvial deposits in Borneo; 
New South 11 ah's; British Guiana; in the gold dejio-its of tlu' Hral 
^Mountains. Australia, and Galilornia; along the Vaal Rii’er in South 
Africa: and in many othci- localities. 

Bi'fore the di'co\’ery of the minc' at Jagersfontein and Kimherley, 
which occurred bi’tween .Vugust. D70. and July. 1871. there is no 
n-coi <1 tliat diamonds had been di'cow'red in \'olcanic jupes or ('raters, 
tlu'ii occuri'ence having always been in 'dluvial or sedimentary 
di'po'it'. 

A few year- ago diamonds were found in the batterv mortar of a 
mill at Klcrk'sildi'p in the Transvaal which was crushing gold ore 

"\o\iiaes ell 'i'unuiie, cii Perse I't aii.v Indos. Tavernier. I'ari-. luTti. 

''■file Di.imoiiil Piel.ls of Dr.izil. Iteimrt of I'aiteil States Minister Bryan, 
l.v.)'.). .-niiveyina rein.rt of Secretary of Leg.atioii Daw.son. A 'treatise on (ieins. 
I.ewis Pi'uclitwauaer. .M. I).. l.suT. .Vn .\ccount of Diainoinls Found in Brazil, 
.lames C'usU'o de Sarmeuto. Xravel.s in South America, J. J. von Tst-hudi. 
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from u conglomerate reef bimilar to the IVitwaterbrand reefs. It 
had occurred to me that either the wash from a diamond-bearijig pipe 
had been mixed with the detritus when the conglomerate beds were 
formed or thar a diamond-bearing dike penetrated tlie conglomerate 
strata and its contents were mimMi and sent to the mill along Avith 
the gold ore. This remarkable occurrence of diamonds has been 
explained to me by an old Kimberley miner Avho was on the ground 
at the time the diamonds were found. 

In his opinion sonn' of the top soil or wash was mined with the 
gold-bearing I'onglomei'ate a.nd the diamonds came from this alluvial 
dejjosit. The finding of these diamonds in the battery mortar, as 
above described, is well authenticated. I'he diamonds were of a 
greeidsh color. 

In Xovembiu-. l!H)d. the Premier mine near Pretoria. Transvaal, 
was found. The surface area of the mine hu~ claims (a claim 

being hi by hi feet) : l.-JS.h of these had been worked to an average 
depth of hN feet at the end of 1!>0.'). This ground has proved to be of 
exceptional richness and has yielded carats from 2.Si>4.r)T9 

loads of l.tiOO pounds each. It was in this mine that tlie (hillinan 
diamond, famous f^or being the largest diamond crystal knoAvn, xvas 
found .lanuary 2<i. d'his stone is of I'xcellent (piality and 

Aveighs h.O^os carats — grains ( l.hT pounds). 

During last year (I'.U).')) a pi(‘c(‘ of Prazilian boart or carbonado, 
weighing h.OTS carats was broken uj) and sold in I.ondon. 

Coming now to the occurivnce of diamonds at Kimberley. I may 
preface my remarks by saying that my experience Avith the mines at 
Kimberley dates back nearly twenty-tAvo years, about nineteen of 
Avhicli haA'e been [)assed in the management (d’ them. 

The diamonds occur in a rode commonly knoAvn as " blue ground." 
filling the craters of extinct Aolcanoi's. This iDck Avas described by 
Ih'of. Henry Carvill Lewis as a porphyritic Aolcanic peridotite of 
basaltic structure’'. Avhich he named ” kimberlite." It must be desig- 
nated as breccia. Then' is no doubt that the blue ground is of vol- 
canic origin, and Avas forceil up from beloAv : it consists of oliA'ine 
with fragments of other rocks. I am of the opinion that the craters 
Avere tilled by a(|ueons i-ather than igneous agencies, possibly by 
something in th(> iiatun' of mml Aoh-anoes. 

It is a notcAvorthy fact that ail the craters Avere tilled just even Avith 
the surface of the surrounding country, ll'ould this have been the 
case if the pi[)es Avc're (d' igneous origin? I think not. 

It may be claimed that the surface of the country, as it existed 
Avhen the craters Avere tilled Avith the diamond-bearing breccia. Avas 

"The .Alati'ix of tlic Diaiiioiid. Heiir.v ('.-irvill r.OAvis, M. A.. F. R. S.. at a nieet- 
ini; of the British Association at Mauchester. Aiutust and Seiitember, tSST. 
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not the -iuiie at present, but that it has been demided or washed 
away, or has l)een removed by <flacial action. There is. however, not 
the least possible evidence to bear out such a contention. If the 
country rock and diamond-bearing gi-ound had bi'come dt'coinposed 
and been washed away, then diamomls wcndd have been found in the 
■■ wash " or in ravines and water courses in the vicinity of the mines. 
Such is not the case, atid no diamonds have* been fouml in alluvial 
soil neai'er than the Vaal Itiver, about -JO miles distant, and these 
diamontls are totally ditl'erent in character from the ■•mine" stones. 

'Ihe Kiml)('rley mines lie in ba'iiis from which no water flows into 
any stia'am. but runs into ])ans or vleis. where it ex aporates or is used 
for mining purposes. 

In thi- comiection it may be stated that I)ntoits[)an mine is situate 
within a few hundred f(*et of Du 'I'oit's pan. a ])ond. which is fed by 
small water cijui-se^ (hiring tin* rainy season. 'I'he bottom of tin* pan 
was probably .'lO feet lowaa’ than the edge of the mine, where the 
yellow diamond-bearing ground joined tlx' basalt, yet it is a signifi- 
cant fact that no diamond' have be(>n found in the jtan. 

Bultfontein mine i' abo (|uite as near this pan and lii's at a con- 
siderable elevatitai abovt' it. 

-It Kimlterley and I)e Beers mines the same conditions e.xist, btit 
the drainage from these mines is to the north into Dit'bel's vlei. whi(di 
is lot) or nioi'e f(>et below the mities and nearly 1 miles distant there- 
from. No diamond' hav(> been found between the mines and the 
vlei nor in th<‘ vlei it-elf. ami I repeat that this is a sinTiiticant fact. 
By what law's of mitni'c' would it be possible to (obliterate a large 
section of thc'c mines and leave no diamonds In'liind in these depres- 
sions i In cai'e the depressions have been made' since the formation 
of the ])i[ie'. would it not be naisonable to expect that the forces that 
made them would have washed a portion of the diamond nipes into 
them { 

I hate given these fact' at coii'ideralile length because my conten- 
tion tiiat these are tin' craters and not sim[)lv the m'cits of mud 
volcanoes Ini' been (lue'tioned. It i' contended that the craters have 
bei'ii washed away, but this js hardly borne out bv local ob't'rvations. 
The tops of tln'se craters an* b(‘ll-shap(‘d. as is the case of ordinarv 
volcanoes. I can not conceive hotv the.se cratei's could have been just 
filled to the lev(*] of the sm-face of the surrotindini;- country, except 
that the material which filled them came uji as mud hie-hlv charired 
with gases which t"ca])('d in the aii- on nearing the surface and 
allowed the mass of mud to subsid(>. There must have been some 
])rocess to incoriiorate the shales, which li(‘ near the surface, sq thor- 
oughly with the ('ru])tiv(' ma". 

Any (h'midatioii of the tops of thc'e crater' would have left behind 
some trace, ('ven more than a trace, 'oine concentration of diamonds 
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aiul tho heavy minerals which are associated with them. In the 
machines in use on the diamond fields we imitate nature in concen- 
trating the heavy minerals. The light particles are washed away, 
leaving the concentrates behind. 

The Yaal Eiver diamonds did not have their origin in the Kim- 
berley mines. The oc'cnrrence of well rounded and at times polished 
bowlders and small pieces of rock in these mines is proof that other 
than igneous action was necessary to pi-odiice them. 

Professor Bonney says that " the idea that they have been rounded 
by a sort of cup-and-ball game played Iw a volcano may be dismissed 
as practically impossible."" He refers to the Dwyka conglomerate 
bed as a possible source of these bowlders. A conglomerate bed com- 
posed of fragments of tpiartz. feldsitar, chert, shale, ([uartzite, quartz 
poi'idiyry, and other rocks e.xists in the Kimberley strata between the 
shale and the melapliyre (or olivine-diabase of Stelzner). and is 
l)etween 300 and 400 feet below the surface. This conglomerate is 
from 3 to 10 feet thick, as determined in tlie various shafts in the 
Kimberley mines. The rounded stones in the mines did not come 
from this bed. and are wholly unlike tin* stones in the conglomerate. 
Personally I do not favor the cup-and-ball theory, and would not 
give it a second thought were it not for the fact that the diamond- 
bearing ground as it is found in the mines shows such a mixture with 
the country rock (shale) that some ])rocess of nature must have 
stirred up and thoroughly nuxed the contents of these great craters. 

I can not comprehend how this result couhl have been brought about 
in an igneous volcano. There would have been overflows of the 
diamond-bearing rock which would have been found in the vicinity 
of the mines. No such deposits have been found, and I do not be- 
lieve that they exist. 

It is much easier to reconcile existing conditions to the aqueous 
or mud-volcano theory (especially if the mud was accompanied by 
large quantities of gases which, on nearing tho surface, escaped while 
the mud receded) than to an igneous the<)rv. 

There must have been innumerable eruptions and explosions to 
account for the inclusion of the surface shales and fragments of the 
country rock in the diamond-bearing peridotite. The frecpient occur- 
rence of these eruptions would, in a mea'^ure. solve the problem as to 
th(‘ manner in which the fragments of rocks tarving in size from 
pebbles to bowlders, some with polished surfaces, became, as it were, 
waterworn. 

The evidence of the movement of the diamond-bearing rock after • 
solidifying is indicated by the slickeiisides and striated surfaces of 
the country rocks at their junctions or contacts with the kimberlite. 

« IT'ueeediuc's uf the Itoyal Society, vol. l.xv., IS!)',). 
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LiU’iK' of ciiU-ito are frequently found at the junction of these 

rocks, whicli have taken the form of the stria'. Beautiful calcite 
crystals and transparent pieces of doubly refracting, or Iceland spar, 
are of frecpu'ut occurrence. 

There is conclusive proof that the diamonds in the South African 
mines are not found in tlieir original place of crystallization, as is 
shown 1)V the frequent occurrence of broken crystals embedded in 
the hard kimberlite. 'I'lie geological strata of the rocks which sur- 
round the diamond-lx'aring pi])es of the Kimberley district are shown 
in figure 2. 

Concerning the (lisciG''ion of the genesis of the diamond. Sir Isaac 
Newton's opinion was that it was of vegetable origin and combusti- 
ble; but it was not until Ki'.B that the combustibility of the diamond 
was actually proved Iw the famous burning-glass ('xperiment of 
the academicians of Cimento. 

latvoisier. (iuyton dc Morveaii. and others determined that the 
diamond was converted into carbonic dioxide by burning. The 
experimetits of Sir Ilumidiry Davy, in 1S1I>. showed that the dia- 
mond was almost pttre caibon. These e.\])('riments have been con- 
firmed by Dttnias. .'stas. Friedel. Koscoe. tunl other eminent chemists, 
who have Hxt'd with I'Xtreine precision the comjatsition of the dia- 
mond to be pttre carbon iti crystallim' form. The late Dr. M'. Cxtiybon 
.Vtln'rstone wa- otic of the first scientists to deal with the occurrence 
and geticsis of the diatnond in the Kimlterley mines. Being a resi- 
dent of the Ciipe Colotiv, he made frequent visits to the diamond 
fields and made persotial investigations." 

’• For a sttljstatice to crystallize." he says. ‘ its molecules must be 
free to move. * " The diamond. w(' ktiow. is neither soluble 

nor fitsible. It is the element carlxjn crvstallizt'd. and is consumed by 
heat. How. then, coitld it survive :is a crystal in the center of a vol- 
catio f The key to solve this mystery was j)laced in iny hands over 
half a centttry ago by one of the greatest ])hilosophers of the tige. 
whose lectures I had the privilege of attemliiig. - =- • Hold otit 

yoitr hand.' said Faraday, at the clo'c of the lecttire that fairly elec- 
trified the world of science, as with a loud hiss a snowy substance, 
burning like a coal, but in reality intensely cold, escaped into the 
jtalm of my hand from the strong iron vessel, iti which, with a ju-es- 

sure of fifty atmospheres, he had lifiuified carbonic acid gas the verv 

gas rcsidtiiig from the combustion of the ditiinond. * * * In the 

carbonic ticid gas generated from the carbotiacecats shales bv heat 
and interspersed as gas bubbles in the cavities of the viscid, ferrugi- 
nous amygdaloid and in the admixture of steam, lava, and ashes known 
tis tlu' Ivtnilx'rlev bliu'. rt*duc(‘d to the liquid st;it(‘ i)\- the enormous 


" ( ;ci)Iiii_'ir:il Ma^razme, Vol. VI. |i. L’o.S, May, ISSO. 
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pressure in the siibuqueous volcano, we have the constituents of the 
diamond in a form admitting of crystallization and the subsequent 
absorption of its oxygen by the iron always present in its containing 
■walls during long intermittent periods of volcanic inactivity.” 

In this presentation Doctor Atherstone dogmatically puts the car- 
bonic acid gas evolved from the carbonaceous .shales into the cavities 
of the amygdaloid (presumably the melaphvre, which is the only one 
of the incasing rocks of the volcanic pipes that is amygdaloidal) . 
This gas is then reduced by pressure to a liquid state, in which form, 
as he thought, the carbon admitted of crystallization. He then ab- 
sorbed the oxygen of the carbonic acid by the iron in the containing 
walls of the craters. As the melaphvre existed l)efore the volcanoes 
burst through it, it is more than probable that the cavities, which ex- 
isted in it at the time it was erupted, were filled with agate and cal- 
cite, which they now contain, before the diamond-bearing ground 
was forced up through it. If tlu' theory above given had any foun- 
dation in fact, one of two results must have liappcmed. viz. either the 
resultant diamonds would have been inclosed in the amygdaloidal 
rock or the diamonds must be formed in the " blue " in their perfect 
state. Both of these assum]fiions are contrary to facts. As to the 
derivation of the necessary carbon from the caihonaceous shales sur- 
rounding the mines, it will he made clear subsequently that this as- 
sumption is not justified. 

Professor Lewis alleged that the diamond is the result of the in- 
trusion of igneous rocks into and through the carbonaceous .shales. 

He savs : ” 

Perhaps the most iutere.^ting eliemical ohservatien coneeniing the lihie gronnd 
was that made by Sir IT. E. Roscoe. He foiiml that on treating it with hot 
water an arouiatii- liydrocarlion lould lie e.\tra<-ted. I’y digesting the Idue 
ground with etlier and allowing the .solution to evajiorate. this hydrocarbon was 
separated and found to be erv.st.-dline, strongly aromatic, volatile, burning with 
a smoky flame and melting at -"lO^ <’. 

That the rock was a true lav.a and not :i mud or ash is indicated by the fact 
that the minerals ami their associations are those characteristic of eruptive ultra- 
basic rocks. 

Professor Lewis further says : 

The kimberlite is shared by no other terrestrial rock. In structure it re- 
sembles meteorites of similar comiiosition. If tla- groumlmass of kimberlite 
were replaced by native iron, it would be nearly allied in both structure and 
composition with meteorites known as chondrite.s. 

The "Ava meteorite, which fell iu Hungary in isli;. contained 
graphite in cubic crystalline form which (lustav Rose thoinrht was 
product'd by the tran.sformation of diamonds. Latin- Weinschenk 
found transparent crystals (diamonds) in the Ava meteorite. Mi- 

“Tlie -Matrix of the Diamond, Prof. Henry Carvill I.ewis, p. .oi 



THE GENESIS OF THE DIAMOND. 


203 


nute diamond crystals and graphite have been found in the meteor- 
ites from Canon Diablo, Arizona. 

Professor Lewis advanced the theory that probably the diamonds 
came from the hydrocarbon which was contained in the fragments of 
carbonaceous shales distributed through the blue ground, but the in- 
clusion of carbonaceous shales in the blue ground can hardly be rec- 
onciled with Professor Lewis’s conclusion “ that the rock was a true 
lava.” 

If the diamond is the residt of the intrusion of igneous rocks into 
and through the carbonaceous shales, why do not all pipes composed 
of kimberlite contain diamonds? And wby do diamonds exist in 
some mines, such as those in the Pretoria district, where no carljona- 
ceous shales am to be found? 

Professor Alolengraatf, formerly state mineralogist to the South 
African Kepublic, discu.sses " the genesis of the diamond, and says 
that the theory of the formation of diamonds during the ascension of 
the blue ground from carbon borrowed from the carbonaceous shales 
was, in his oi^inion, weak. 

In the Preteriau beds, as well a.s In the formations underlying these, strata 
containing any notabie ijuantities of carbon were nowhere to be found in the 
Transvaai : so that the conclusion might sjifely be drawn that the igneous blue 
ground, in forcing its way from great deiiths toward the place wliere it was 
found, could not borrow any carlwu from the surrounding .strata in order to con- 
vert it into diamonds. 

In Bohemia a rock occurs which contains every mineral known in 
the blue ground of Kimberley except diamonds. On my visit to the 
Mining Academy at Freiberg, Saxony, a few years ago. Doctor Stelz- 
ner, professor of geology’, showed me two cases containing these min- 
erals, and in every instance the Bohemian minerals corresponded 
with those from Kimberley, except that the case of Kimberley min- 
erals contained a few small diamonds which I had presented to the 
academy. 

Both the aqueotis and igneous theories of the origin of the kim- 
berlite have had able supporters, among those of the former being 
Stanislas ^leunier.'' M. Chaper.'’ and later Professor (jarnier and Sir 
William Crookes.'' The igneous theory is strongly supported by 

a A Monograph on the Diamonds at Rietfontein, near Pretoria, in the Trans- 
vaal. 

6 Composition et origine du sable diamantifere du Du Toits Pan. Afrique Aus- 
trale — Comptes rendus de I'Academie des Sciences de Paris. Vol. LXXXIV, No. 
6, p. 2."iO. Examen mineralogiiiue des roches <|ui accompagnent la diamant 
dans les mines du Cap de P.onne Esi)erance — Rulletins de I'Academie Royale de 
Belgii]ue. .’id series. Vol. Ill, Xo. 4. 

' Note sur la region diamantifere de I’Africiue .Vustrale, Paris, IS,SU. 

''A lecture before the Royal Institution of Great Britain, June 11. 1S!)T, 
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Professors Lewis,“ ^lolengraaff,*' and Stelziier.'' INIy own opinion is 
tliat the aqueous theory is the less assailable. 

Concerning the o.'igin of the blue ground, assuming that it is not 
the original matrix of the diamond. I find the following weak points 
in the igneous theoiy : 

1. As already observed, it is imj)ossible to account liy the igneous 
theory for the water-worn bowlders found in the blue ground. 

' 1 . The experiments of Herr W. Luzi.'' of Leipsic, in the produc- 
tion of artificial figures of corrosion upon the siii'faces of rough dia- 
monds, are most interesting in the light which they throw on the 
crystallization and the [)robalile matrix and genesis of the diamond. 
Tintil lately the only ap})earance of cori’osion upon the surface of 
rough diamonds was the regular, triangular, negative pyramids 
which w(>re produced through heating the diamond in the open air 
or under the oxygen flaiia'. 

Herr Luzi discovered that tlie breccia (kimberlite) from the South 
Afri< •an mine^ when in a molten condition jto^sesses the projierty of 
absorbing the diamond or of changing its shape. 

The following is a translation of the description of his experiment: 

A small iniantlty of blue irround was nieltoil In a cnuible placed in a Four- 
QUinun-I.ecleni turiiace at .•! teiii|ieratufe of ].T70°. wliich was the Iii;;liest tmii- 
lierature attainable. .1 di;iinoncl with iierfei tl.v smooth natural faces was sub- 
mersed in this molten mass. .\ further i|uantity of blue srmind was added to 
the contents of the ciucihle until it was completely tilled. .V tightly tittins 
cover was jilaced on the crucible, which w.-is auain exposed for thirty minutes 
to the sireatest heat attainable. When the crucible was cooled the diamond was 
removed and found to be covered with irrettular oval and lialf-round grooves of 
various depths. In one experiment tlie di.-imond was found to lie deeply eaten 
away on one side. 

‘Some of these partly ab-orbed diamonds upon which iferr Luzi 
e.xpcrimented are deposited in the mineralogical museum of the 
Leipsic University. 

Owing to the cost of the material to be exjierimcnted upon, how- 
ever. Herr Luzi was unable to determine jiositively what chemical 
action took jdace during the linn- the diamonds were heated in the 
complicated silica-tliix. The fact that diamonds can be absorbed 
by liemg jilaced in molten blue ground tends to prove that the blue 
ground wa.' not thrust uj) through the earth's crust in a molten state. 

If the diamond m unaiile to withstand the corroding influence of 

"The M.-Itrix of tlie Dinmoml. Henry r.-uill Lewis. „t a mettiiiT^lie British 
A’^sociatiou at Mancliustur. Au.mist. ISST. 

I' Tlie Gcciirreiic e iif Diamonds at Hictfontcin. ti. A. 1>. IMolenm-aaff. 

' .V lecture liy \\ . Stelzner liefore tile Isis Society, in Dresden S.axonv, 
.\liril I’d. isn;;. 

"|-elier kihistliclie ( ■orrosionstimircn an Diamanteu. Derichte der Deutscheu 
Cliemi.schcn i lescllscliaft. XXV. p. 2470 il.S'.ll'). 
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the silica-magma at the comjDaratively low temiieratnre given above, 
how could it possibly have retained its forms of crystallization and 
perfect faces at the far higher temperature and jiiressure which must 
have existed under the igneous theory ? 

It seems a pity that Herr Luzi did not state the exact weight of the 
diamonds upon which he experimented, both before and after his 
exjieriments. The burning or absorption of the diamond in its 
matrix is a strong argument against the contention that the blue 
ground was once a molten lava. If a diamond placed in a graphite 
crucible containing melted blue ground, which is subjected to a tem- 
perature of onh' 1,770' R.. changes its shape, could diamonds be 
found perfect in shape, without a daw. and with clear trans 2 ^arent 
faces, so smooth that they have the ajipearance of having been jiol- 
ished? 

3. Some years ago a diamond weighing - 28.5 carats, found at Kim- 
berley, attracted the attention of the valuator. Its external surface 
was smooth and crystallized, showing no other mineral except the 
diamond itself, but the interior was white' and not trans^^arent. 
Kotieing this peculiar ap 2 >earance. the valuator broke the stone in 
order to satisfy his curiosity and found that a small jjerfect octa- 
hedral diamond was inclosed in the center of the larger stone. Xor 
was this all. There were flakes of a white mineral, not diamond, 
attached to the fragments of the broken diamond. In ajjpearance 
the flakes were white, translucent, and crystalline, and about as hard 
as steel. IMien heated in a closed tube, moisture was given off. It 
fused readily on jilatinum wire to a white bead. A few grains of 
this white mineral were collected, and by analysis it proved to be 
ajiophyllite, a silicate of lime and jiotash with lb i^er cent of water. 

If a mineral which is fusible at the ordinary temperature obtained 
with a blowjiijje, and which contains It; j)er cent of water, was formed 
at the same time that the diamond crystallized, it is certain that this 
did not take jjlace under an enormously high temperature. How, 
then, one may ask, did the aijojdiyllite become a part of this diamond? 

Herr von Tschudi " describes a beautiful crystallized Brazilian 
diamond in the center of which was a leaf of gold. He obtained the 
information from Dr. Mills Franco, who claimed that there was no 
doubt or dece^ttion as to the identification of the gold. 

Occurrences of this nature tend to veil in additional mystery the 
genesis of the diamond. 

4. Professor T. G. Bonney '' obtained from the Xewlands mines, 
40 miles northwest of Kimberley, specimens of a coarsely crystal- 
line rock studded with garnets, technically called holocrvstalline 

<2 Travels in South .Vinerica. I>j- .T. .7. von Tscliuili. 

s The Parent Koek of the Diamond in South Africa, l)y Prof. T. G. Bonney. 
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and allied to eclogites. At a meeting of the Eoyal Society “ he pre- 
sented his conclusions : 

The blue ground is not the birthplace either of the diamond or of the gar- 
nets, pyroxenes, olivine, and other minerals, more or less fragmental, ^yhic■h it 
incorporates. The diamond is a constituent of the eelogite. just as much as a 
zircon may be a constituent of a granite or a syenite. * * * i had always 

ex|iecte<l a peridotite (as supposed by Professor Lewis), if not a material yet 
more basic, would prove to lie the birthplace of the diamond. 

Can it jKissihly be a derivative mineral, even in the eclogite? Had it crys- 
taliized out of a more basic magma, which, however, was still molten when one 
acid more was injected and the mi.vture became such as to form eclogiteV 
P.ut 1 lontent myself with indicating a dilticulty and suggesting a jiossihility ; 
the fact itself is indisiiutable that tile diamond occurs, though rather sporadic- 
ally, as a constituent of an eclogite, which rock, according to the ordinary rules 
of inference, would be regarded as its birthpiace. 

Professor Bonney's statement that diamonds occur in the eclogite 
of the Xewlands mine caused me to examine the eclogite which is 
found in all the mines at Kimherley and has always been treated as 
waste rock and thrown away. There are tons of it lying about the 
Kimberley mines. I have examined hundreds of pieces of this rock, 
but never found a diamond, nor have T ever heard of a diamond 
being found in it by anyone during the many years that these fields 
have been worked. I caused about 20 tons to be collected and sent 
to a test plant, where it was crushed and afterwards jigged, but it 
contained no diamonds. Surely if one could find diamonds in the 
eclogites of a poor mine like the Xewlands, tlie total diamond yield 
of which was only a few hundred carats, one woidd naturally expect 
to find them in the eclogites from mines in tlie vicinity of Kimberley, 
which are so rich. 

Mr. AValdemar Lindgren, who is connected with the United States 
tieological Survey, has had an opportunity of studying the blue 
ground and the minerals contained therein from samples supplied by 
the writer from which fa slides were made. Ilis conclusions are as 
follows : 

In l(X)kins ovpr tho litt*r;itiirc [on (liaiuoiidsj. t*spocially the papers hv Profs. 
A. W. Stt'lziior iiiid T. (i. Honiiey, it seems to me that the connection of the 
(liainond with tho jjaniet in tlio pernlotite and pyroxenite has lieen satisfactorily 
proved. It is not possible to re.e:ard it as formed in the "blue ground.'^ On the 
contrary, it was evidently contained in the peridotite maguiu. and crystallized 
with it 

A specimen of the rock. Avhich I presume to Iw similar to the 
eclogite spoken of hy Profe.ssor Boiiiiey, taken from Dutoitspan mine, 
was handed to Dr. O. F. Becker, who had a slide made from it. He 
determined the rock to be llierzolite. and savs: 

a IT-oceeUings of tbe Uoyal Society, Vol. LXV, July 27, 1S9U. 
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This composition shows that the rock is extremely analogous to kimberlite ; 
in fact, probably a subvariety of it. Zlrkel considers kimberlite as closely allied 
to Iherzolite. while Rosenbush appears uncertain liow to classify it. 

Doctor Beclvcr is still of the opinion that diamonds ought to be 
found in the Iherzolite in spite of the result of the test of 20 tons. 

Quite a nuniher of specimens of diamonds and garnets cemented 
together have be'on found, but in most specimens which have come 
under my observation the diamond has grown into the garnet. A 
diamond was found (January 0, 1!)0-1) in Wesselton mine, Kimberley, 
which had a small garnet embedded in it. The diamond weighed 
114 carats, and the garnet was estimated to weigh about half a carat. 
It appeared to fill the liole in which it was embedded. The diamond 
was of ciihic crystallization with nearly half of the cube wanting. 
The part of the diamond in which the garnet was buried had numer- 
ous dejiressious similar to the one containing the garnet, and one 
is led to think that these depressions were also once filled with small 
garnets, or, in other words, the diamond crystallized upon a nest of 
garnets. It was of a peculiar plumbago color and semitransparent. 
,\11 of the diamonds crystallized in cubic form which have been 
found of late in AVesselton mine were of this peculiar color. Speci- 
mens have also Ijeeii found where the diamond was embedded in 
olivine. 

5. Sir IVilliain Crookes and others have mentioned diamonds which 
hurst or explode on being brought to the surface: and Sir William 
says it has been " conclusively proved that the diamond's genesis 
must have taken place at great depths under enormous pressure. The 
explosion of large diamonds on coming to the surface shows extreme 
tension.’’ 

Professor Lewis says that Kimberley diamonds have been found 
sometimes to have optical anomalies due to strain. Fizzan thought 
this strain to have been caused by the unequal distribution of heat 
during cooling; but Jannettaz" holds that the strain is due to com- 
pressed gas in the interior of the crystal. 

I have found that the light-brown smoky diamonds frequently 
crack when brought from the mine to the surface: but even these 
i-emain intact if kept in a moist place. In the days of ojien-cut work- 
ing, when a smokv or licht-brown diamond was found, the diseer 
placed it in his mouth, where he kept it until he offered it for sale. 
The buyer placed it in a raw potato, in which it was shipjied to 
Europe. The temperature of the ground in which the stone was 
found would, as a rule, not exceed TO'’ F. The temperature of the 
diamond would lie raised to !)S° F. while in the digger’s mouth. If, 
however, the stone was kept in a dry place, even at a lower tempera- 


Rallftiii de la Sovioto iliuerale de France, II. 1879. p. 124. 



208 


THE GENESIS OE THE DIANONH. 


tuiT. it would crack in all directions, (due might argue from this 
that it was not the e.Kpansion of gases hv heat alone Avhich caused 
the fractures. If these fractures were due to compressed gas, as con- 
tended by .Tannettaz, one might expect this crackinir to have occurred 
while the diamond and its contaiiie<l gas were exjK)sed to the enor- 
mous heat to which, according to the igneous theory, elianionds must 
have been s]i!)jected. 

I had been led to l)elieve that oidy light-brown or smoky stones 
crack on being ex])os(al to <lry air, but I have lately l)een informed 
by one of tlu‘ old diamond miiu'rs that lie had seen wliiti' stoiu's which 
showi'd the same phenomenon. 'I'liere are inuumerabh' fragments of 
diamonds in the Kimberley pi])es. and it is a (juestion how the orig- 
inal crystals became fractuied. 

(■). Sir AVilliam Crookes says that the ash left after burning a dia- 
mond invariably contains iron as its chief constituent, and the most 
common colors of diamonds, when most iierfectly jadlucid. show 
I'arioiis shades of brown and yidlow fi'om the palest " otl'color " to 
almost black. 'I'liesp lariatioiis. he declares, accord with the theory 
that the diamond has sejiarated from molten iron. 

1 hav(‘ made icxhaustive tests in order to ascertain whether dia- 
monds contain iion. oxidiztal or nuTallic. The experiments were 
made with a magnetic separating machiiu'. the field magnets of 
which attracted any miiiei-al containing iron or iron oxides except 
pyriti-s. Although some of these diamonds liad the apjiearance 
of being coatcHl with iron, and others wme colortal dark brown and 
deep yellow, they were in no way attracted by tlu“ magnet, evem when 
^(‘xcited by a strong eU'ctric current. These e.xperiments do not, per- 
Inqis. disprove the existence (d' iron in the diamond, but they do 
Uistablish the fa<-t that the (|nantity is iidinitesimallv small. Further 
tt'xpm-iments in this direction ought to lie madi- Iiv tho.se who have 
better facilitu's for such work than are at our disposal heia* in Kim- 
berley. The experiments of .Me.-s]--. Haunay. Mois-an. Friedel. Sir 
William Crookes, and others all show that microscopic diamonds can 
be produceil artificially; but they thi’ow very litth* light upon the 
question how the diamonds in the South .Vfrican craters crystallized. 

7. From what is known of the theory of crystallization, one is 
inclined to the old Indian idea that diamonds grow like onions, 
though much les,- (|uickly. It is hardly conceivable that diamonds, 
-iich as the Koh-i-nur. the Great Mogul, the Excelsior (a Jagers- 
fontein .'^onth .Vfrican stone of 071 carats), the two largest l)e Beers 
diamonds | respectively of .VO:! and TiS.-l carats), and the Cnllinan 
fiaaii the Fremier mine ( 0.027)'* carats), were formed, as the micro- 
scojiii' diamond- have l)een, in a moment of time during the sudden 
cooling of molten iron. 
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Is it not more reasonable to suppose that these enormous crystals 
grew little by little, and that nature has followed the same laws of 
crystallization in the diamond as in other minerals^ 

In ilarch, 1904, a diamond of 22>S carats was found in the Kimber- 
ley mine, which contained two red spots in the center of the stone. 
One of these was bright red, and. under a magnifying glass, was 
found to be a small diamond with crystalline faces easily distin- 
guishable. The large diamond was cracked in all directions around 
the .small crystal for a distance of about one-sixteenth of an inch. 

I have been fre(juently asked "What is your theory of the original 
crystallization of the diamond^” and the answer has always been 
" I have none, for after nineteen years of thoughtful study, coupled 
with practical research. I find that it is easier to ’ drive a coach and 
four ' through most theories that have been propounded than to sug- 
gest one which would be based on any nona.ssailable data." All that 
can be said is that in some unknown manner carbon, which existed 
deep down in the internal regions of the earth, was changed from its 
black and uninviting appearance' to the most beautiful gem which 
ever saw the light of day. 




THE CULLIXAN DIAMOND.— A DESCKIPTION OF THE 
BIG DIAMOND RECENTLY FOUND IN THE PREMIER 
MINE, TRANSVAAL." 


By F. n. Hatch, Ph. D., F. G. S., and G. S. Corstobphin’e, Ph. D., F. G. S. 


Great interest has been excited, not only in the Transvaal, but 
throughout the world, by the diseovery at the Premier mine, on Wed- 
nesday, the 25th of January, 1905, of the largest diamond hitherto 
known. The stone was found by Mr. Wells, surface manager, in the 
yellow ground about 18 feet from the surface, a brilliant flash of light 
from a jDrojeeting corner having caiight his attention. After a pre- 
liminary cleaning it weighs carats. Acconling to Gardner 

Williams the South African carat is equivalent to 3TT4 grains; con- 
sequently the diamond weighs 9,C00 ’5 grains troy, or 1 'ST pounds 
avoirdupois. Through the courtesy of the directors of the company, 
wo have been enabled to make an examination of the stone, with the 
following result: Roughly speaking, it measures 4 by 24 by 2 inches; 
but its size and shape will be best realized by reference to the jflioto- 
graphs reproduced on Plates I and II. which represent the diamond 
from four dift'erent points of view and its actual size. These beauti- 
ful photographs were taken by Mr. E. H. V. Melvill for the purposes 
of this description. The stone is bounded by eight surfaces, four of 
which are faces of the original crystal, and will he referred to in this 
description under the letters A, B, C. D, and four are cleavage sur- 
faces, the cleavage being of course parallel to the face of the octahe- 
dron. In the following description these cleavage surfaces are re- 
ferred to under the letters E, F, G, H. They are distinguished from 
the original octahedral faces by greater regularity and .smoothness. 
The shape and relative position of these various surfaces can be seen 
in the diagrammatic projection depicted in the text figure, which 
has Ijeen drawn in the mineralogical laboratory of the Oxford Uni- 
versity IMuseum. by the kind i^ermission of Professor Miers, F. R. S. 
The drawing is to half scale. 

a Reprinted l)y permission from the Geological JIagazine (Loudon), Decade V, 
Vol. II, No. 490, April, 1905. 
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DESCRIPTION OF THE SFRFACES. 

A is an original octahedral face showing tyjiical striations, the 
bands varying from 0 -1 to 0 A centimeter, and running parallel to the 
edge AE. 

B is a large surface slightly curved sliowing partial striations, 
which, however, are interrupted hy tiie slightly niammillary character 
of the surface. 

C is also a natural surface showing a few striations parallel to the 
edge ('E. 

I). Between B and F, (1 tliere is an irregular octahedral face, 
I), dionluii' distinct etiuilateral triangidar indentations which resem- 
ble etched figures, except in regard to their 
comparatively large size, the largest having a 
side measuring 0-7 centimeter. I) is parallel 
to E. 

E, F, G, H are cleavage planes. 

E is the largest of these, and is a very jier- 
'(■t cleavage plane. I’arallel to it within the 
- rxstal there is a small air layer between two 
internal cleavages, producing a “ rainbow." or 
Newton's rings. 

F is the second largest of the cleavage 
planes and shows a small spot within the 
crystal. 

i.i.atK; pn.j.'cu.in (to G is ail irregularly shaped cleavage plane, 
ii.iiiscait')- PI is another cleavage face showing series 

of cleavages in the corner bounded by E and G. Two sjiots are 
visible, one actually on the surface, the other about 1 centimeter 
within the crystal. 

Of the faces given, A and G. H and B. and E and D are parallel. 
In the case of B and H the jiarallelism is imiierfect owing to the 
curvature of B. 

The purity of the crystal is be^t seen on looking into face E. and 
the luster i-^ well seen on the irregular natural face B. the broken 
cleavage on 11 causing a good deal of refraction, which affects B to 
some extent as the facets of a cut gem would. For a large stone 
the crystal i^' of remarkable purity, and the color apiiroximates to 
that of a blue-white. 

The large size of the cleavage planes E and F indicates that a 
very considerabh' portion of the crystal is wanting. From the shape 
of B. I), and G. one can say that the entire crystal was irregular in 
shape, but A and I) being octahedral faces, thi' presumption is that 
the complete crystal was a distorted octahedron, ])robably with dodec- 
ahedral faces developed on the edges. The portions missing prob- 
ably amount to more than half of the original crystal. 
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The Cullinan diamond, as it has been named, after the chairman 
of the Premier company, is more than three times the weiglit of 
the largest diamond previously known — the famous stone found in 
1893 at Jagersfontein, in the Orange Kiver Colony, which weighed 
972 carats. 

EXPLAMATIOX (JP PLATES. 

I’LATE I. 

Fig. I. The cleavage plane F, wliicL, on account of its favorable position 
relative to the camera, appears as a brilliantly illuminated surface; the irregu- 
lar original faces (' and I) also appear in this view. 

Fig. 2. The crystal resting on the cleavage plane E with the faces 15 and D 
exposed to view. The sharp bounding edges are formed as follows: At the 
botttjjn by E. on the right by A. and on the left by G. 

rT.VTE II. 

Fig. .3. View of the diamond set up to show the largest cleavage surface E. 
and the best developed octahedral f.ace -V above. Tlie left-hand side of this 
figure consists of the large irregular natural surface B. 

Fig. 4. (’omparison of the Cullinan diiunond with one of .'5.'’>4 carats, also from 
the I’remier mine. On the large stone the cleavage surf.ice H forms the lower 
left-hand corner, the natural .surfjice C is to the right of II. and at the top the 
cleavage surface F. The markings ai)parently on F are really at the back and 
are photographed through the crysttil. The face on the extreme left, in per- 
spective, is the large cleavage surface E. 
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The Cullinan Diamond. Actual Size. 




GOLD IN SCIENCE AND IN INDUSTRY.' 


By G. T. Beilby, F. R. S., President of Chemical Section of the British Asso- 
ciation. 


In scanning the list of the elements tvith which we are thoughtfully 
supplied every year by the international committee on atomic 
weights, the direction in which our thoughts are led will depend on 
tlie particular aspect of chemical study which happens to interest 
us at the time. Putting from our minds on the present occasion the 
attractive speculations on atomic constitution and disintegration with 
which we have all become at least superficially familiar during the 
past few years, let us try to scan this list from the iioint of view of the 
'• plain man *' rather than from that of the e.xpert chemist. Even 
a rudimentarj’ knowledge will be sufficient to enable our " plain 
man to divide the elements broadly into two groups — the actually 
useful and the doubtfully useful or useless. Without going into 
detail we may take it that about two-thirds would be admitted into 
the first group and one-third into the second. It must, I think, be 
regarded as a very remarkable fact that of the 80 elements which 
have had the intrinsic stability to enable them to survive the prodi- 
gious forces which must have been concerned in the evolution of the 
physical universe, so large a proportion are endowed with char- 
acteristic properties which could ill have been spared eitlier from the 
laboratories of nature or from those of the arts and sciences. Even 
if one-third of the elements are to be regarded as waste products or 
failures, there is here no counterpart to the reckless prodigality of 
nature in the processes of organic evolution. 

If we exclude those elements which participate directly and indi- 
rectly in the structure and functions of the organic world, there are 

« Address to the Chemical Section of the British Association for the .\dvance- 
iiient of Science, South Africa. 1905. 

» Reprinted, l)y permission, from The Cliemical News. London, vol. 92, No. 
2.'?ST. August 2.5, 1905, The illustrations referred to were not reproduced in 
the printed address. 
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two elements which stand ont conspicuonsly because of the ^nprenie 
influence they have exercised over the trend of human eflort and 
ambition. I refer, of course, to the metals ^old and iron. 

From tlie early beginninjjs of civilization aold has l)een hi< 4 'hly 
jjrized and eagerly sought after. Human life has been freely sacri- 
iiced in its acquirenn'iit from natural sources, as well as in its forcible 
seizun' from those who already possessed it. 1 ho "Age of Gold 
was not necessardv the " Golden Age, for the nol)le metal in its 
unique and Ifarbaric ^^plendor Inm symbolize<l much that has been 
unworthy in national and individual aims and ideals. 

We have accustomed oiirsehes to thiidi of the present as the ,Vge of 
Iron, as indeed it is, for we see in the dull, gray metal the plastii^ 
medium out of which the engineer has modeled the machiiH>s and 
.structures which play so large a i)art in the active life of to-day. 
Had iron not been at once plentiful and cheap, had it not brought 
into the hands of the engineer and artilicta- its mar\(dous (jnalities 
('f hardness and softnes-, of rigidity and toughness, and to the 
electrician its mysterious and nni(ine magnetic (|nalities, it is not 
difficult to conceive that man's control ovei’ the forces of nature 
might have been delayed for centuries, or perhaps for ages. For 
iron has been man's chief mat(>rial instrument in the coiupiest of 
nature; without it the energy alike of the waterfall and of the coal 
fleld woidd ha\(‘ remained uncontrolled and unus(>d. In this con- 
quest of the resources of nature for the servic(' of man are we not 
entitled to say that tin* intellectual ami social gains have equaled, 
if they have not exceeded, in \alue the purely niat(a'ial gains; and 
may we not then regard iron as the symbol of a beneficent conqne.st of 
nature ? 

With the advc'iit of the industrial age gold was destined to take 
a new place in the world's history as the great medium of exchange, 
the great 2 >i'omoter of industry and comnuu'ce. While individual 
gain still remained the ju-ojadling jaiwer toward its discovery ami 
aeiiuisition, every fri'sh discovery le<l directly or indirectly to the 
freer intei'change of the products of industry, and thus reacted 
favorably on the industi'ial and social conditions of the time. 

So long as the chief supplies of gold were obtained from alluvial 
deposits by the simple proci'ss of washing, the winning of gold almost 
necessarily continued to be pursued by individuals, or by small grou]js 
of workers, who were maiidy attracted by the highly speculative 
nature of the occu|)ation. Thes(> workei-s endured the oreatest hard- 
fhi]ts and ran the most serious personal ri'ks, di’awn on from dav to 
day by the hope that some special stroke of good fortune would be 
theirs. 'I'his condition [)revailed also in fields in which th(> reef fmld 
occurred near the surface, where it was easily accessible without 
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costly mining appliances, and where the precious metal was loosely 
associated with a weathered matrix. These free-milling ores could 
be readily handled by crushing and amalgamation with mercury, so 
that here also no elaborate organization and no great expenditure 
of capital were necessary. A third stage was reached when the more 
easily worked deposits above the water line had been worked out. 
Not only were more costly appliances and more elaborately organized 
eiforts required to bring the ore to the surface, but the ore when 
obtained contained less of its gold in the easih' recovered, and more 
in the refractory or combined form. The problem of recovery had 
now to be attacked by improved mechanical and chemical methods. 
The sulphides or tellurides with which the gold was associated or 
combined had to l)e reduced to a state of minute subdivision by more 
perfect stamjiing or grinding, and elaborate precautions were neces- 
sary to insure metallic contact between the jiarticles of gold and the 
solvent mercury. In many cases the amalgamation process failed to 
extract more than a \'erv moderate proportion of the gold, and the 
quartz sand or " tailings " which still contained the remainder found 
its way into cTeeks and rivers or remained in heaps on the ground 
around the batteries. In neighborlioods whei*e fuel was available a 
]5reliminary roasting of the ore was resorted to, to o.xidize or volatilize 
the baser metals and set free the gold: or the sulphides, tellurides, etc., 
V, ere concentrated Iw washing, and the concentrates were taken to 
smelting or chlorinating works in some favorable situation where the 
more elal)orato metallurgical methods cotild be economically applied. 
i\Ianv eti'orts were also made to apjtly the solvent action of chlorine 
directly to the unconc(‘Utrated unroasted ores: but unfortunately 
clilorine is an excellent soheut for other substances besides gold, and 
in practice it was found that its solvent energy was mainly e.xercised 
t'U the base metals and metalloids and on the materials of which the 
apparatus itself was constructed. 

This to the be^t of my knowledge is a correct, if rather sketchy, 
description of the state of matters in ISSi) when the use of a dilute 
solution of cvauitle of jjotassium was first seriously jn-oposed for the 
extraction of gold from its ores. Those of us who can recall the time 
ivill remember that the ])roposal was far from favorably regarded 
from h chemical point of view. The cost of the reagent, its extremely 
]3oisonous nature, the instability of its solutions, its slow action — 
such tvere the difficulties that naturally presented themselves to our 
minds. And. oven granting that the'-e difficitlties might be overcome, 
there still remained the serious problem of how to recover the gold in 
metallic form from the extremely dilute solutions of the cyanide of 
gold and potassium. IIow each and all of these diffictilties have been 
swept aside, how ivithin little more than a decade this method of 
SM 1905 18 
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gold extraction has spread over the gold-proihicing countries of the 
world, now absorbing and now replacing the older processes, but 
ever carrying all before it — all this is already a twice-told tale which I 
should feel hardly justified in alluding to were it not for the fac-t 
that we are to-day meeting on the Rand where the infant process 
iiiade its debut nearly fourteen years ago. The Rand to-day is the 
richest of the world's gold fields, not only in its present capacity, bur 
in its potentialities for the future; twenty years ago its wonderful 
possibilities were (juite unsu.s])ected even by expert--. 

It is not for me to describe in detail how tlu' change has been 
ticcomplished : this task will, we know, be far better accomplished 
by I’epresentative chemists who are now actively engaged in the work. 
But for the chemists of the British Association it i-- a fact of ureat 
significance that they tire here in the jiresence of the most trtily in- 
dustrial development of gold jirodtiction which, the world has vt't 
seen — a development moreover that is founded on :i jmrelv chemical 
process which for its contimiance recpiires not only --killed chemists 
to superintend its operation, but e(|ually skilled chemists to supply 
the reagent on which the industry depends. 

In 18S9 the world's consumption of cyanidi- of jxitassiuni did 
not exceed oO tons per annum. This was produced by melting 
ferroci’anide with carbonate of [lotassium. the clear fused cyanide 
so obtained being decanted fiami the carbide of iron which had 
separated. The resulting salt was a mi-xttire of ct anide. cyanate. 
and carbonate, which was sometimes called c\'anid(“ of jiotas- 
sitim for the hardly sufficient reason that it contained .dO per cent of 
that salt. B hen the demand for gold extraction arose, it was at first 
entirely met by this jirocess. the reipii-ite ferrocyaiiide being ob- 
tained by the old fu-ion process from the nitrogen of horns, leather, 
etc. In 1891 the first successful process for the synthetic prodiic-tion 
of cyanide without the intervention of ferrocyaiiide was jierfected, 
and the increasing demand from the gold mines was larnely met by 
its use. At ]iresent the entire coiismiiptioii of cyanide i' not much 
short of lO.OOO tons a year, of which the Transvaal gold fii-ld con- 
sumes about one-third. Large cyanide works exist in (treat Britain. 
Germany. France, and America, so that a steady and sure sipiply of 
the reagent has been amply j.rovided. In is'.il'the jirice of cyanide 
in the Transvaal was 2 shillings per pound: to-day it is one-tliird of 
that, or S pence. During the jirevalence of the hio-h prices of earlier 
years the manufacture was a highly speculative on.*, and new proc- 
esses appeared and disappeared with s„rprisiuo- su.ldenne.ss. the dis- 
appearance being generally marked by the simultaneous vanishimr 
of large Mims of money. To-day the manufacture is eiititvly carried 
out in large works scientifically organized and supervised, and, both 
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industrially and coinniercially, the speculative element Inis been elim- 
inated. 

Chemistry has so often been called on to play the part of the hum- 
ble and unrecognized handmaiden to the industrial arts that we may 
})erhai)s be pardoned if in this case we call public attention to our 
Cinderella as she shines in her rightful position as the genius of 
industrial initiation and direction. 

To this essentially chemical development of metallurgy we owe it 
that ill a community whose age can only be counted by decades we 
find ourselves surrounded by chemists of high scientific skill and 
attainments who have already organized for their mutual aid and 
scientific enlighteiimeiit " The Johannesburg Societi' of Chemisfry, 
Metallurgy, and iMining.” whose published proceedings amply testify 
to the atmosjihere of intellectual vigor in which the work of this 
great industry is carried on. 

It ajipears, then, that while gold still maintains its position of influ- 
ence ill the affairs of men. the nature of that influence has undergone 
an imiiortant change. Xot only has its widespread use as the chief 
medium of exchange exercised far-reaching effects on the commerce 
of the world. Imt the vastly increasial ilemand for this jiurpose has 
in its turn altered the methods of production. These methods have 
become more highly organized and scientific, and gold ])roduction 
is now fairly estalilisheil as a jirogre^sive industry, in which scope 
is found for the best chemical and imgineering skill and tahmf. 

The experience of more highly evolved industries in the older 
countries has shown that the truly scientific organization of industi'y 
includes in its scope a full and just consideration for the social and 
intellectual needs of its workers from highest to lowest. It augurs 
well, therefore, for the future of the gold industry, from the humane 
and social points of view, that its control should be more and more 
under the influence of men of scientific spirit and intellectual culture, 
who, we may feel assureil, will luU forget the Ix'st traditions of their 
class. 

The application of science to industry requires on the ]tart of the 
pion(>ers and organizers keen and persistent concentration on cer- 
tain well-defined aims. Any wavering in these aims or any relaxa- 
tion of this concentration may lead to failure or to only a (jualified 
success, d’his necessary but narrow concentration may be a danger 
to the intellectual develo])ment of the worker, who imiy thereby readily 
fall into a groove and so may become even less efficient in his own 
particular work. It cc'i'tainly retpiires some mental strength to hold 
fast to the well-detined ])ractical aim while allowing to the attention 
occasional intervals of liberty to browse over the wide and pleasant 
fields of science. But I am certain that the acquirement of this 
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double poorer is well worth an effort. The mental stimulus, as well 
as the new experiences garnered during the excursion, will sooner or 
later react favorably on the practical problems, while the earnest 
wrestling with these problems may develop powers and intuitions 
which will lend their own charm to the wider nroblems of science. 

GOLD AND .SCIENCE. 

If we reperuse the table of the elements, not now in our capacity 
as 2ilain men." but as chemists, we shall certainh' not select gold as 
of supreme interest chemically. Its position as chief among the 
noble metals, its jiatent of nobility, is based on its aloofness from 
common associations or attachments. Unlike the element nitrogen, 
it is mainly for itself and little, if at all. for its com^iounds, that gold 
is interesting. In it we can at our leisun* study the metal rather than 
the element. Its color and transjiarence. its softness and its hard- 
ness, the density as ncll as the extreme tenuity of some of its forms— 
such were the (|ualities which recommemled it to Faraday wh(>n he 
desired to study the action of material ])articles on light. I should 
like to rejieat to you in lii^ own words the reasons he gave for this 
choice : 

Beoau.se of its ooilip.ni'ativo epaoily anioiux boilies and yet possession of a real 
transpareiioy : liecause of its development of color botli in the reflected and 
transmitted rays : because of tbe state of tenuity and divi.sion which it permitted 
with the preservation of its integrity as .i metallic body ; because of its supposed 
simplicity of cliaractcr. .and b(><auisc known i)henomena apiiearod to indicate 
that a inert' variation in the sizt.' ttf its particles gaitt rise to a vtirietj* of result- 
ant coltirs. Bt'sides liie w:ivt*s t»f light arc so large coinparctl to the dinien-sions 
of tilt* particles (]f gold uhicli in tanoiis t'onilitions can lu' subjected to a ra.v, 
that it seemetl iirob,-d>lc that flic particles might come into effective relations to 
the much smaller t ibrations of the otiier p;irticles. 

I may remind you that Farailav came to the conclu.sion that the 
variety in the color-' presented by gold under various conditions is 
due to the size of it- particle- and their -tate of aggregation. Etdjy 
glass or ruby solution- he jiroved are not true -olution.s. nor are 
thc_\ molecular (Iiffu-ioiis of gold, lint they crintaui the metal in aggre- 
gates sufficiently large to give a -en-ible reffc'ction undiu’ an incident 
beam of light. Through the kindness of Sir Henry Roscoe I am 
able to exhibit to ton some of the original riibv-gold jirejiarations 
obtained during thi- re-earch. which were afterwards jiresented to 
him b\ laiadat at the hoval In-titution -oiiie years liefore his death. 

II\ nu'aiis of refined and ingi'iiiou- optical methods Xig-imondy and 
Siedentopf have succeeded in making the-e iiltramicroscopic particles 
visible in the micro-cope as diffraction disks: they have, further, 
counted the number of particles per unit area and have from the 
intensity of their rellection calculated their size. In ruby glass 
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the size of the particles in different hj^efiinens was found to vary 
from 4 to 791 millionths of a millimeter. Xo relation was found to 
hold between the color of the particles and their absolute size. This 
conclusion is in direct contradiction of Faraday's belief, already 
referred to. Mr. J. IMaxwell Gai-nett has recently shown that the 
color of metallic g;lasses and films is determined, not only by the 
absolute size of the metal ])articles, but also by the proportion of the 
total volume they occupy in the medium in which they are diffused. 
The results of Mr. (Tarnett's calculations are in close agfreement with 
a nundier of the observations on the color and microstructnre of 
thin metal films which I had already recorded, and they appear to 
me to suiiply the exj)lanation of much that had api)eared puzzling 
before. My own observations lead me to thiidc that the actual niicro- 
scopii' particles which are to be seen, and the larger of which can 
also be measured, in films and solutions or suspensions, do not in any 
way repia'sent the ultimate units of structure which are required 
by Mr. (Tarnett’s theory, but that these ])articles are aggregates of 
.^mailer units built up in more or less open formation. 

That a relatively opaciue substance, like gold, may be so attenuated 
that when disseminated in (qxm formation it becomes transparent is 
contraiy to all our associations with tin* sanu' operation when per- 
formed on transparent Mil)stances like' glass or crystalline salts. 
The familiar exi)eriment of crushing a transpaiauit crystal into a 
perfectly opa<|ue powder would not ])i'epare ns for the effect of 
minute subdivision on the trans])arence of metals. .Vt first it 
might be supposed that this difference is due to the very rough 
and incomplete subdivision of the crystal by o'ushing; but this is 
not the case, for the perfectly transparent oxide of magnesium may 
be obtained in a state of attenuation comparable with that of the 
gold by allowing the smoke from burning magnesium to dejjosit on 
a glass jilate. The film of oxide obtained in this way is found to 
be built up of particles quit<‘ as minute as those of which the gold 
films are composed, yet the opaciG of the oxide film is relatively 
much greater. The minute particles of the dielectric, magnesium 
oxide, scatter and dissipate the light waves by repeated reflection 
and refraction, while the sindlar ])arti<des of the metallic conductor, 
gold, act as eh'ctrical resonators which pass on some of the light 
wav(‘s while reflecting others. Specimens of films of gold and silver 
and of magnesium oxide are exhibiteil on the table and on the lan- 
tern screen. When the metallic particles are in this state of open 
formation arid relative transparence, it was found that the electrical 
conductivity of the films had completely disai)peared. J'ilms of 
this description were found to hai'e a resistance of over 1.000.000 
megohms as compared with only G ohms in the metallic reflecting 
condition. 
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MOLECl'LES IN THE SOEIL) STATE. 

My examination of <rokl films and surfaces has revealed the fact 
that dnrinfj polisliinf>- the distiirljed surface film behaves exactly 
like a liciuid under the infiuenee of surface tension. At temperatures 
far below the meltine- point molecular movement takc's place under 
mechanical di^tiirliance. and the molecules tend to luaip up in minute 
mounds or flattened droplets. These minute mounds are often so 
.-hallow that they can only be detected when the surface is illumi- 
nated by an intense, oblicpiely incident beam of light. I have esti- 
mat<‘d that these minute mounds or spicules can hi- stam in this way 
in films which are not mon' than o to 10 micromilliiiKTers in thick- 
ness. A film of this attenuation may contain so few as ten to twenty 
molecules in its thickiu'ss. 

Wh(‘U moderately thin films of gold are sii])ported on glass and 
heated at a tenip('iatiire of 400 to .">00" they beconu’ translucent, and 
the forms assumed under the infhienci' of surface tension can be 
readily seen by transmitted light. It was in this way that the beau- 
tiful but puzzling spicular appearance by obli(juely reflected light 
was first explained a- due to the granulation of the surface under 
the influeiu'e of surface tension, hhoto-micrographs of these films 
are exhibited. 

Turning now to the mechanical propertic's of metals, we find that 
gold has ])roved itself of great value in the invc'stigation of some of 
these. It has long been recognized as the mo-t malleable and ductile 
of the metals, while its chemical iiidiflVreuee tends to jtreserve it in 
a state of metallic [turity throughout any j)rolonged -eries of ojtera- 
tions. 

I he artificc'i's in gold must very (airly have learneil that its mallea- 
bility and ductility are not <iualities which indefinitelv survive the 
operations of hammering and w ire drawing. A jiiece of soft gold 
beaten into a thin plate doe- not remain e(|ually .-oft throughout the 
process, but siin-ads with increa-ing difficulty under the hammer. 
If carelessly beaten, it may evrn develop cracks round its edges. 
Me, ma\ a-sunu* that the artdiciu’- in gold viuw' -oon discoviu’ial that 
by Inaiting. the hardened metal might be re-toivd to its former condi- 
tion of softness. 

In conniaTion with thi^ .study of tin' micromi'tallurgv (if iron and 
steel during recent years it has been recognized that heat annealing 
is as a rule associated with the growth and development of crystal- 
liiK' grains, and I’l-ofess,,,. Ewing and Mr. Ilosenhain have shown 
that overstrain is often, if not invariably, associated with the de- 
formation of th('.s(' crystalline grains by slip- occurring along one 
or more cleavagi' planes. 'I'his hypothe-is. though well supported 
up to a point by mieroseopie observations on a variety of metals, 
otfers no explanation of the natural arrest of malleability or due- 
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tility whic'li ocrurs when the overstrain has reached a point at Avhich 
the crystalline g-rains are still, to all appearance, only slightly de- 
formed. At this stage there is no obvious reason win’ the slipping 
of the crystalline lamelhe should not continue under the stresses 
which have initiated it. But far from this being the case, a rela- 
tively great increase of stress produces little or no further yielding 
till the breaking point is reached and rupture takes place. 

The study of the surface effects of polishing, already referred to. 
had shown that the thin surface tihn retained no trace of crystalline 
structure, wliile it also gave the clearest indications that the metal 
had passi'd tlirougii a li([uid condition before .settling into the forms 
[)rescrihed l)y surface t(>usion. From this it was argued that the 
conditions which pre\ail at the outer surface might ecpially prevail 
id idl inner surfaces where* movement had occurred, so that evei’y 
slip of one crystalline lamella over another would cause a thin film of 
the metal to pass through the li(iuid phase to a new and noncrystal- 
line condition. By oliservations on the effects of beating pure gold 
foil it wiis found that tlu* met;d reiiched its hardest and least plas- 
tic condition only when idl outward traces of crystalline structure 
had disa])|)(>ared. It Wiis also iiscertained that this complete destruc- 
tion of the crystalliiK* hiuK'lla* and units cotdd only be accomjtlished 
in the layers ne.ir the surfiiee. for the hiirdene<l substance produced 
by the ffowiiig under the hammer apja'ars to incase and protect the 
crystalline units after they liecome broken down to a certain size. 
By carefully etching the surface in stages by means of chlorine 
water or cold a(|Uii regiii the successive layers below the surface 
were disclosed. The surface itself was vitreous. Beneath this was 
a Liver of minute granules, and lower still the distorted and broken- 
up remains of crystalline lamelhe iind grains were embedded in a 
vitreous and granular matri.x. The vitreous-looking surface layer 
represents the final stage in the passage from soft to hard, from 
ci'vstalline to amoiphous. By heating the beaten foil its softness 
was restored, and on etching the annealed metal it was found that 
the crystalline structure also was fully restored. Photomicrographs 
showing these appearances are exhibited. These microscopic ob- 
servations wei-e fully confirmed by finding well-marked thermo- 
electrieal and eh'ctro-chemical ilistinctions between the two forms 
of nu'tal. the hard and soft or the amorphous and the crystalline. 
The determination of a definite transition temperature at which the 
amorphous metal passes into the crystalline metal further confirms 
the phase view of hardening by overstrain and softening by an- 
nealing. 

It was subseijuently jiroved that the propcrtii of poxsitif/ from eri/s- 
tnUine to amor phous luj inrrlia alral fow (iiid from amor phoun to 
cnjstall me toj heat at a deffn/fe tramotion temperatarc is a (jeneral 
one a'hieh ir possessed toj uU rrystidVme solids adiich do not deeom- 
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foae at or helow their transition temperature. The significance of 
this fact, I venture to think, entitles it to more tlian a passing refer- 
ence. It appears to me to mean that the transition from amorphous 
to crystalline is entitled to take its place with the other great changes 
of state, solid to liquid, liquid to gas, for like these, it marks a 
change in the molecular activity which occurs when a certain tem- 
perature is reached. It is entitled to take this place because there 
is every indication that the change is as general in its nature as the 
other changes of state. Compare it, for instance, with the allo- 
tropic changes with which chemists have been familiar. These are 
for the most part changes Avhich are special to particular elements 
or compounds and are usually classed with the chemical properties 
by which the substances may be distinguished from each other. 
Very different is the amorphous cri'stalline change, for although 
in particular cases it may have been observed and associated with 
allotropic changes, yet the causes of its occurrence are more deeply 
founded in the relations between tlie molecules and the heat energy 
by which their manifold properties are successively unfolded as tem- 
perature is raised from the absolute zero. At this transition point 
we find ourselves face to face with the first stirrings of a sjiecific 
directive force by which the blind cohesion of the molecules is 
ordered and directeil to the building up of the most jwrfect geo- 
metric forms. It is hardly possible any longer to regard the stability 
of a crystal as static and inert and indej)endent of temperature. 
Kather must its structure and symmetry be taken as the outward 
manifestation of a dynamic equilibrium between the ])rimitive co- 
hesion and the kinetic energy iitq>art(‘d by heat. Even before the 
discovery of a definite temperature of transition from the amorphous 
to the crystalline phase we had in our hands the ])roofs that in cer- 
tain cases the crystalline state can be a state of dynamic rather than 
of static e(inilibrium. The transition of sul])hur from the rhombic 
to the prismatic form sup])lies an example of crystalline stability 
which persists only between certain narrow limits of temperature. 
IVithin these limits the crystal is a "living crystal,” if one may 
borrow an analogv’ from the organic world. It can still grow, and 
it will under proper conditions r(>pair any damage it inav receive. 

The passage of the same sub-tance through sever;:! crystalline 
phases, each oidy stable over a limited range of temperature, strongly 
supports the general conclusion drawn from the existence of a .sta- 
bility temperature between the amorphous and crvstalline phases, 
namely, that the crystalline arrangement of the moh'cules reciuires for 
its active ('.xistence the particular kind or rate of vibration cori’e- 
sponding with a certain range of temperature. Below this point the 
crystal may become to all appearance* a mere pseudomorph with no 
powers of active growth or repair. But th(*se powers are not ex- 
tinct — they are only in abeyance ready to be called forth under the 
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energizing influence of heat. This temporary abeyance of the more 
active properties of matter is strikingly illustrated by the earty obser- 
vations of Sir Janies Dewar at the boiling point of liquid air, and 
more recently at that of liquid hydrogen. At the latter temperature 
even chemical affinity becomes latent. In metals it was found that 
the changes in their jihvsical properties lirought about by these low 
temperatures are not permanent, but only persist so long as the low 
temperature is maintained. During the past year Mr. I\. A. Hadfield 
has supplemented these earlier results by making a very complete 
series of observations on the etfect of cooling on the mechanical jirop- 
erties of iron and its alloys. The tenacity and hardness of the pure 
metal and its alloys at the ordinary tempmeratiire and at — 18:2° have 
been compared, and it has been found that these qualities are invaria- 
bly enhanced at the lower temperature, but that they return exactly to 
their former value at the ordinary temperature. By the mere abstrac- 
tion of heat between the teinjieratures of 18° and — 18:2° the tensile 
strength of pure metals is raised ~>0 to 100 iier cent. In ]mre iron the 
increase is from tons per square inch at 18° C. to i>’2 tons at 
— 18i2° ; in gold from 1.") • 1 tons to i!2 • 4 tons : and in copper from 10 • ~> 
tons to i2()‘4. This increase is not, I think, due to the closer approxi- 
mation of the molecules, for the coefficient of expansion of mo-^t metals 
below 0° is extremely small. Neither is it due to permanent changes 
of molecular arrangement or aggregation, for Mr. Hadfield has 
obtained a perfectly smooth and regular cooling curve for iron 
between 18° and — 18^°. and there appears to be no indication of the 
existence of any critical point between these temperatures. Further, 
the complete restoration of the original tenacity on the return to the 
higher temperature shows that no permanent or irreversible change 
has occurred during cooling. Everything therefore indicates that the 
increase of tenacity which occurs degree by degree as heat is removed 
is due to the reduction of the repulsive force of molecular vibration, 
so that the primary cohesive force can assert itself more and more 
completely as the absolute zero is approa<'hed. 

The metals experimented with In' IMr. Hadfield were all in the 
annealed or crystalline condition, so that the molecules must have 
exerted their mutual attractions along the directed axes proper to this 
state. It is to be expected that similar experiments with the metals in 
the amorjihous state may throw light on the question whether and to 
w'hat extent the crystalline state depends on a dynamic equilibrium 
between the forces of cohesion and repulsion, or whether a directed 
cohesion exists fully developed in the molecules at the absolute zero.“ 

a Since tlie aliove was written a series of observations has been marie on the 
intiueiice of low teniiier.atnre on the tenacity of jaire metals in the amoriihoiis 
condition, 'fhese observations will form the stil>ject of a separafe communication 
to the chemical section. 
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The phenonienii of the ^^olid state tlmnv an interesting liglit on the 
interplay of the two great forces, the primitive or blind cohesion 
which holds undisputed sway at the absolute zero, and the repulsion 
due to the molecular viliratioiis which is develo 2 X'd by heat. This 
interplay we know continues through the states which succeed each 
other as the temperature is raised, till a iioint is reached at which the 
molecular reiudsions so far outweigh the cohesive force that the sub- 
stance liehaves like a iierfect gas. The jiroblems of molecular consti- 
tution are more likely to be elucidated by a study of the successive 
states between the absolute zero and the valorizing temperature than 
at the uiiiier ranges where the gaseous state alone prevails. The sim- 
]dicitv of the laws which govern the physical behavior of a perfect 
gas is very attractive, but we must not forget that this sim[)licity is 
only po^^ible becaiue re[)ul'ion has so nearly overcome cohesion that 
(he latter may be practically ignored. The attractiveness of this sim- 
plicity should not l)lind us to tlu' fact that it is in the ndddle region, 
where the opposing forces are more nearly equal, that the most inter- 
esting and illuminating phenomena aii' likedy to abound. The appli- 
cation of the gas laws to the |)henoniena of solution and osmosis 
ap[)ears to be one of those cases in which an attractive ajjpearance of 
simplicity in the apparent relations may prove very misleading. 

Ilefore passing from the sjiecially metallic (pialities of gold I will 
only remind you of th(> important part it has jilayed in tin* researches 
on the flirf'u'ion of nu'tals by the late Sir William Tloberts-^Vustin, 
and in those of Mr. Haycock and Mr. Nevillt' on the frei'zing points of 
solutions of gold in tin. which led to the recognition of the monatomic 
nature of the molecides of metals. 

iror.Kct i.Ks IN .soi.i tion. 

It has occurred to me that the jiractice of the cyanide process of 
gold extraction presents us with scvei’al new and interesting aspects 
of the ])roblems of solution. As you are aware, the gold is first 
obtained from the. ore in the form of a very dilute solution of cyanide 
of gold and potassium, fi-om which the metal has to be separated, 
either by pas-ing it through boxes filled with zinc shavings or bv 
electrolysis in large cells. 

Th(' solution as it leaves the cyanide vats may contain gold equal to 
100 grains or more ]ier ton. and as it leaves the precipitating bo-xes it 
may contain as little as 1 or 2 grains and as much as 20 grains. 
In the treatment of slimes much larger volumes of solution liave to be 
dealt with, and in this case solutions containing IS crains per ton 
have b(>(m ri'gularly passed through the precijiitating boxes, their 
gold content la'ing reduced to If grains per ton. In round numbers 
we may say that 1 gram of gold is recovered from 1 cubic meter of 
solution, while O' 1 gram is left in the solution. Even from the point 
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of view of the physical I'heniist we are here in presence of solutions of 
a very remarkable order of dilution. A solution containing 1 gram 
per cubic meter is in round nTuuI)ers X 200.000, and the weaker solu- 
tion containing 0 • 1 gram is X/2.000.000. It is convenient to remember 
that the latter contains a little more than Id grains per ton. In e.vper- 
iments on the ])ro|)erties of dilute solutions the extreme point of dilu- 
tion was reached by Kohlrausch. who employed solutions containing 
1/100,000 of a gram molecule of solute i)er liter for his conductivity 
experiments. These solutions Avere therefore twice as strong as the 
gold solution Avith 1 gram per cubic meter and 20 times as strong as 
the more dilute solution. This fact must be my excuse for placing 
iiefore you the results of a fcAv simple calculations as to the molecular 
distribution in tlu'se solutions, Avhi<-li lune certainly giAxm me an 
entirely new view of Avhat cAmstitutes a really dilute solution from the 
molecular point of A'ieAv. 

In estimating the mmd)er of molecules in a giA'en volume of solution 
the method adopted is to divide the space into minute cubical cells, 
each of Avhich can exactly contain a sphere of the diameter of the 
molecule. In this way a form of })iling for the molecules is assumed 
Avhich. though not the closest j)ossible. may (piite ])rol)ably I’epresent 
the piling of Avater molecules. Taking the inoleeular diameter as 
0’2X10~'’' millimeters — a figure Avhich is possibly too small for the 
Avater molecules and too large for the gold — it is found that a cul)ic 
millimeter of solution contains 125 X 10’' molecules, or 125 (piadril- 
lions. The head of an ordinary pin. if it Avere spherical, would have 
a A'olume of about 1 eul)ic millimeter. 

If these Avater molecules could be arranged in a single roAV, each 
molecule just touching its two lu'arest neighbors, the length of the 
roAV would be 25.000.000 kilometers. A thread of these fairy beads, 
Avhich contained the molecuh's of one Aery small drop of a A'olume of 

0 cubic millimtders, Avould reach from the earth to the sun, a distance 
of about 150,000.000 kilometers. 

In a solution contaiidng 11 grains of gold per ton, or 1 decigram 
per cubic meter, the ratio of gold molecules to Avater molecides is as 
1 : 193.000,000. Each cubic millimeter of the solution, therefore, con- 
tains 0.500,000.000 gold molecules. If tlu'se are uniformly distributed 
throughout the solution each Avill be about 400 micromillimeters, or 

1 00.000 of an inch, from its nearest neighbors. This is not really 
very Avide sluicing, for the pA)int of the finest sewing needle Avould 
cover about 1,500 gold molecules. 

If a cubic meter of solution could be spread out in a sheet one 
molecule in thickness it Avoukl coA-er an area of l.OSO sfpuire miles, 
and noAvhere in this area Avould it bo possible to jmt doAvn the point of 
the needle Avithout touching some hundreds of gold molecules simul- 
taneously. 
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According to Professor Livereidge. sea water contains on the 
average about 1 grain of gold per ton. If this is the case, then the 
above figures for the dilute cyanide solution ajjplj with only a 
slight modification to sea water. Xo drop, however small it may be, 
can be removed from the ocean which will not contain many millions 
of gold molecules, and no j)oint of its surface can be touched which 
is not thickly strewn with these. From this molecular point of view 
we must realize that our ships literally float on a gilded ocean ! 

From time to time adventurers arise who attempt to launch upon 
this gilded ocean unseaworthy ships freighted with the savings of the 
trusting investor. In order that nothing which has been said here 
may tempt anyone to contribute to the freighting of these ships, let 
me hasten to point out that the weakest of the e^'anide solutions here 
referred to is richer in gokl than sea water is reported to be. The 
practical conclusion from this eompari.son is sufficiently olwious. If 
the cyaniding e.xpert, whose biisine.ss it is to e.xtract gold from dilute 
solutions, finds that it does not pay to carry this extraction beyond a 
concentration of 2 or grains per ton, even when the solution is 
already in his hand, and when, therefore, the costs of treatment are 
at their minimum, how can it possiljly pay to begin the work of e.v- 
traction on sea water, a solution of onednilf the richness, which would 
have to impounded and treated lyv methods which could not fail to be 
more costly in labor and materials than the simple process of zinc-box 
precipitation f It is generally unsafe to pro[)hesy, but in this case I 
am rasli enough to risk the prediction that if ('ver the gold mines of 
the Transvaal are shut up it will not be owing to the competition of 
tlie gold resources of the ocean. 

In these calculations with reference to the dilute cyanide solutions 
it is assumed that the gold molecules are uniformly distributed — that 
they are jjractically equidistant from each other. There appears to 
me to be considerable doubt whether we have any right to make this 
assumption. Leaving out of account for the moment the action of the 
water molecules, it wouhl aj)pear that as long as the gold molecules 
are so numerous that a uniform distrilmtion would bring them within 
the range of each other's attraction, we can imagine that all sub- 
merged molecules would be in e(iuilil)rium so far as the attractions of 
their own kind are concerned. l)eing subjected to a uniform pull in all 
directions. This condition would certainly make for uniform dis- 
trilmtion. lint when the di.stanee between them exceeds the range of 
the molecular forces, it is evident that an entirely new condition is 
introduced, and it seems not improbable that the widely distributed 
molecules would tend to drift into clouds in which they are brought 
back within the I'ange of these forces. The range of the cohesive 
forces in water and aqueous liquids is usually taken from 50 to 100 
Jiiicromillimeters, and I am disjjosed to think that ten times this 
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amount would not be an excessive estimate of the range in the case of 
gold. If the range for gold be taken as 500 micromillimeters, then 
the gold molecules of the dilute gold solution, which are spaced at 
400 micromillimeters ajiart. are just within the range of each other’s 
attraction, and their distribution is, therefore, likely to be uniform. 
But by a further dilution to half concentration, the equilibrium would 
be liable to be disturbed, and denser clouds of gold molecules would 
be formed, with less dense intervals between them. 

In preparing the zinc boxes through which the gold solution is 
passed, very great care has to be exercised to insure that the contact 
surface of the zinc is used to the best advantage. With this object 
the packing of the zinc shavings is so managed that the solution is 
spread over the zinc surface in as thin sheets as possible. Tbe object, 
of course, is to bring as man}' of the gold molecules as possible into 
actual contact with the zinc. The gold molecules found in the solu- 
tion leaving the boxes are those which have not been in contact with 
the zinc. Yet we have seen that the.se molecules are still so numerous 
that they are within of an inch of each other. If these mole- 

cules are in a state analogous to the gaseous state, with ditfusive 
energy of the same order as that of the gas molecule, it is difficult to 
imagine how they can escape without coming in contact with the zinc 
surface during their tortuous pas.sage. through the boxes and being 
deposited there. Yet they do escape, even when the velocity of the 
solution in passing over the zinc surfaces is so slow as 10 centimenters 
per minute, or 1 -G millimetei's per second. 

We may regard the condition of the.se isolated gold molecules, or 
the more comjdex auricyanide of jmtas.sium molecules, as typical of 
that of the solute molecules in a dilute solution of any nonvolatile 
solid. They are aoltd molecules sijarsely distributed among a multi- 
tude of intensely active solvent molecules, the temperature of the solu- 
tion being many hundred degrees below that at which they could 
of themselves assume the greater freedom of the liquid or gaseous 
state. These solute molecules have to a great extent been set free 
from the constraining effect of their cohesive forces, it is im- 
portant to rememher that this freedom has not been attained by the 
increase of their own kinetic energy as in liquefaction by heat. Their 
freedom and the extra kinetic energ}' they have acquired have in 
some way been imparted to them by the more active solvent molecules ; 
for, if the solvent could be suddenly removed, leaving the solute mole- 
cules still similarly distributed in a vacuous space, they would even- 
tually condense into a solid aggregate. This must be the case, for 
the nonvolatile solute has no measurable vapor pressure at the tem- 
perature of the solution. The kinetic energy of the solute molecules 
is of itself quite insufficient to endow them with the properties of the 
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gaseous or even of the liquid molecule, even whon their cohesive forces 
have been weakened or overcome by separation. 

If the energy employed in this separation is not intrinsic to the 
solute moleeale then it must in some may hare been imparted by the 
soleent moleeales. It therefore becomes important to compare the 
energv endowment of one set of molecules with that of the other. 

Compared with other solids, ice at is freezing point has very little 
hardness or tenacity: the cohesion of it.s molecules has been much 
relaxed bv the great absorption of heat energy between the absolute 
zero and the freezing jjoiut. If an average specitic heat of O'o over 
the whole range be assumetl, the heat absorption of one gram amounts 
to loG-o calories. In the transition to the liquid state at 0^ a further 
absorption of 7!) calories takes place, so that a gram of liquid water 
at the freezing })oint contains the heat energy of calories. The 

fact that water has the high vapor pressure of I-G millimeters of 
mercury at the freezing point is probably a result of this enormous 
■store of energy. As a li([uid. therefore, it is natural to expect that its 
molecules will exhibit effects proportionate to this great store of 
energy. This expectation a[)[)ears to be realized when we consider 
not only its properties as the universal solvent, but its osmotic and 
diffusive energy in solutions in which it is the solvent. 

To complete the comparison it is only necessary to calculate the 
heat energy of gold at O’. Taking its specific heat as 0-032, a gram 
of gold at 0’ contains S-7 calories. A gram molecule, therefore, con- 
tains in round numlKU's 1.700 calories as cornpared with 3,8^0 calories 
in a gram molecule of water. 

Taking into consideration not only this greater store of energy, 
but also the much smaller cohesive force of water as compared with 
the majority of solid solutes, there can be no doubt that the active 
role in aciueou- solutions of this type must be assigned to the solvent, 
not to the solute molecules. 

This leads to the im jiortant eonelasion that the energy of solid ion, 
of dilf asion , and of osmosis is dee, not to the tmagina ry gaseous en- 
ergy of the solah. hat to the aefaal hijaid energy of the soleent 
media ales. When this conclusion is reached a new physical explana- 
tion of these phenomena is iii our hands, and we are relieved from the 
strain to the imagination involved in the ap])lication of the gas theory 
to solutions of nonvolatile solids. 

This transh-rence of the active rdlo to the solvent molecules does 
not in any way affect the well-established conclusions based on the 
laws of thermo-dynamics as to the energy relations in these phe- 
nomena, for it has always been recognized that the^e conclusions have 
reference to the average conditions prevailing in large collections of 
relatively minute unit--. Wherever the gas analogy has appeared to 
hold it has not necessarily involved more than this, that the observed 
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effects are in proportion to the number of these minute units in a 
given volume. 

In a 2 >plying the gas theory to the phvsical explanation of osmotic 
pressure it has been the custom to regaivl this pressure as directly due 
to the bombardment of the semijjermeable membrane bv the solute 
molecules. But this conce 2 itior. completely ignores the fact that the 
2 iressnre develoj^ied is a hydrostatic, not a gaseous i^ressure, and that 
the hydrostatic jiressure results directly from tlw penetration of the 
sot rent inoJeealex from the other xide of the partition. 

It apitears me more natural to abandon the gas analogy alto- 
gether. to regard the molecules as in tlie solid and liquid condition 
jtroper to their temi)erature. and to apportion to them their resijective 
jiarts in the active changes according to their obvious endowment of 


Apjilying this view to the case of a solution and a solvent separated 
by a semijierineable membrane, it 
is seen that the pressure rises on 
the solution side, because the inire A 

solvent molecules on the other side 

have some advantage for the dis- — /V.y 

jtlay <jf their energy over the simi- 

lar molecules in the solution. Thix 

e'ffeet i/I itf< i/i(»/t /jenei'al form /na/j 

he attrit>nte<l to the dUation of thr 

noJrent t)// the x/dnte m/dee/de'/. In 

cases where the osmotic [^it'ssure g S 

aijjx'ars to obey Boyle's law the 

effect is exactly measured by tlu- VV 

number of solute molecules jau- 
unit volume. But the facts of this 
position are in ]io way changed if 

the effect is taken to be due to the activity of an equal number of sol- 
vent molecules, for we then see that each solute molecule by cancelinc: 
the activity of one solvent molecule on the solution side ^termits a 
solvent molecule from the other side to enter the solution. 


What the exact mechanism of this cancellation is there is at jiresent 
iKi evidence to show, and the caution originally given by Lord Kelvin 
with reference to the umlue forcing of the gas analogy must also be 
a[)plied to tin* suggestion now put forward. But as a means of mak- 
ing the suggestion a little more clear I give here a sinpile diagram on 
which A rejn-esents a single jamforation in a semipermeable mem- 
brane. 1*. on both side- of which there is only tuire solvent. For the 
sake of clearness the molecules are shown oidy as a single row. Xor- 
mally there will be no ]ai~sag(‘ of solvent molecules from side to siele, 
for the average kinetic energy of the molecules on both sides is equal. 
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This state of equilibrium i> indicated on the diagram by marking 
with a cross the molecide which is exactly halfway through the 
partition. 

At B a single solute molecide. S, has been introduced at the right 
side. If this molecule (wactly cancel.-^ the energy of one solute mole- 
cule at its own end of the row, the equilibrium point will move one 
molecule to the right, the solvent molecules will move in the same 
direction, and one of their number will enter on the solution side. So 
long as the row includes one. and only one. solute molecule, the 
equilibrium will remain unchanged and no more solute^niolecules will 
pass in. If another solute molecule arrives on the scene, the equilib- 
rium will again be disturbed in the -ame way as before, and another 
solvent molecule will pass into the solution. 

This mechanism accomplishes to some extent the work of a " Max- 
well demon.” in so far at lea;^t as it takes advantage of the movement 
of indiridual w olt-fid.i-.\ to rai>e one part of a svstem at a uniform 
temperature to a highiT level or energy. 

A AIECJtANK AL \ I F.W of UIsSol 'lA'I'IoX IX 1)11. t TK SOIA TIOX'.S. 

I he view that the phenomena of >olution dej^end on the relative 
kinetic energi’ of the solvent and solute molecules appears to apply 
with siiecial force to the phenomena of dissociation in dilute solutions. 
Tnder the gas theory there does not appear to lie anv reason why the 
solute molecule^ should dissociate into their ions. So obvious is this 
absence of any physical motive that Professor Armstrong has happily 
referred to the dissociation as •• the suicide of the molecules." Others 
have proposed to a-^cribi^ the phenomenon to what might be called " the 
fickleness of tlie ion~. thus supposing' that the ions have an iidierent 
love of changing partners. Thc'C may be picturesque wavs of label- 
ing certain views of the situation, but the views themselves do not 
appear to supply any clew to thi' physical nature of the phenomena. 

ith the acceptance of the view that the phenomena of solution are 
largely due to the kiiuUic energy of the sf)lvcnt molecules, the jihe- 
nomena of dis-ociation abo appear to take their place as a natural 
result of this activity. F(>r consider the situation of an isolated mole- 
cule of cyanide of gold and potassium closely surrounded bv and at 
the merev of some mdlions of water molecules all in a state of intense 
activity. The rude mechanical jostling to which the complex mole- 
cule Is subjected will naturally tend to break it up into simpler por- 
tions which are nu'chanically more stable. The mechanical analoe-y 
of a ball mill in which the balls are self-driven at an enormous veloc- 
ity is probably rather crude, but it may at least help us to picture 
vhat, on the liew now advanced, must be essentially a mechanical 
operation. 
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In importing this mechanical view of the breaking down of com- 
plex into simpler molecules we are not without some solid basis of 
facts to go upon. My own observations have shown that even in the 
solid state the crystalline molecule can be broken down by purely 
mechanical means into the simpler units of the amorphous state; 
and, further, that the water molecules of a crystal may by the same 
agency be broken away from their combination with the salt mole- 
cules. Since the publication of the earlier of these observations, 
Professor Spring has shown that the acid sulphates of the alkali 
metals may he mechanically decomposed into two portions, one of 
which contains more acid and the other more base than the original 
salt. It is important to recognize that in these three apparently 
short steps the transition has been made from the overcoming of the 
simple cohesion of similar molecules in contact with each other to the 
breaking asunder of the chemical union of dissimilar molecules. At 
each ste]! the solid molecules appear, not as mere ethereal abstrac- 
tions. btit as substantial portions of matter which can be touched and 
handled mechanically. 

The physical properties of a gas are primarily clue to its being an 
assemblage of rapidly moving molecules. These simpler and more 
general iu'o[)erties can coexist with, and may be modified by, the more 
comjtlex relations introduced by chemical affinity as it occurs in com- 
pound gases and mixtures. 

It a2)])ears to me <iuite legitiinate similarly to regard the physical 
projterties of a l/qiiid as due to its btung an assemblage of rapidly 
moving molecules. The liquid system is highly condensed, and the 
motions of its molecules art' controlled by the cohesive as well as by 
the repulsive forces. 'I'ln* closer a{)proximation of the molecules 
may reduce their mean free jjath to an extremely small amount, or it 
may even cause tlieir translatory motion to disapiiear. so that the 
whole kinetic energy of the liquid molecules may be in the form of 
rotation or vibration. 

As we can imagine a perfect gas. so also may we imagine a jierfect 
liquid, the physical proiterties of which arc as sinqjly related to the 
laws of dynamics as are those of the gas. But the conditions of the 
liquid state being also those most favorable to the play of chemical 
affinity, the internal equihbrium of solutions or of mixed liquids 
must be a resultant of this affinity, together with the primary forces 
of the ideal liquid state. 

An ideally jterfect solution— that is. a solution of the physical prop- 
erties of which are determined solely by the number of molecules it 
contains in a given volume — must consist of a solvent and a solute 
which have no chemical affinity for each other, so that their mole- 
cides will neither associate nor dissociate in solution. Probably only 
8M 1905 19 
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comparatively few solutions will be found which even ajiproximate 
to this ideal perfection. But it appears to me that the study of the 
problems of the liquid anchthe dissolved states may be much simpli- 
fied by the recognition (1) that the primary physical properties of 
liquids and solutions are due to the fact that they are assemblages 
of molecules endowed with the amount and the kind of kinetic energy 
which is projjer to their temperature; and (2) that as these primary 
physical properties of the liquid and dissolved states may be masked 
and interfered with by chemical affinity, they should be studied as 
far as possible in examples where the influence of this force is either 
absent or at a minimum. 



S U B A [ A K I X E X A I( EVT I ( ) X 


By Sir William II. Whitl, K. I'. B., U.. !>.. I>. S<-.. F, U. S.. M. Inst. E., 

M. I£. 1.* 


Sulimariiip navigation has engaged the attention of inventors and 
attraeted general interest for a very long period. Its practical appli- 
cation to inirposes of war was made about one hundred and thirty 
years ago. The main object of that apiilication was to threaten, or if 
possible destroy, an enemy's battle ships engaged in blockade by 
means of under-water attacks, delivered by ves.sels of small dimen- 
sions and cost, which could dive and navigate when submerged. 
From the first, submarines were admittedly weapons favored l)v the 
weaker naval power, and as a conseipience their construction found 
little favor with our naval authorities. Under the conditions which 
jtrevailed a century ago in regard to materials of construction, pro- 
jDelliiig apparatus and e.xplosives. the construction of submarines 
necessarily proceeded on a limited scale, and the tyjie ])ractically died 
out of use almost at its birth. Enough had been done, however, to 
demonstrate its practicability and to make it a favorite field of inves- 
tigation for inventors, some of whom contemplated wide extensions 
of submarine navigation. Every naval Avar gave fresh incentiA'C to 
these proposals and led to the construction of experimental A’essels. 
This Avas the case during the Crimean war. Avhen the Admiralty had 
a submarine A’-essel secretly built and tried by a special committee, on 
Avhich. among others. Mr. Scott-Kussell and Sir Charles Fox sei’A’ed. 
Again, during the civil Avar in America the Confederates constructed 
a submarine vessel, and used it against the blockading squadron off 
Charleston. After several abortive attempts and a considerable 
loss of life they succeeded in destroying the Federal /Zmi.sufnu A-, but 
their submarine, Avith all its creAV, perished in the enterjirise. 

It is impossible to give CA’en a summarized statement of other 
efforts made in this direction from ISbO oinvard to 1880. but one 

" Renrinted by iieriiiission from aiitlior's printed copy. 

6 Read at weekly evening meeting of tlie lioA'al Institution of Great Britain, 
Friday. .Time 0. 19o.j. 8ir William Crookes, D. Ss.. F. R. S., honorary secretary 
and vice-president, in the chair. 
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can not leave unnoticed the work done in the United States by Mr. 
Holland, who devoted himself for a quarter of a century to continu- 
ous experiment on submarines and eventually achieved success. The 
Holland type was first adopted by the United States Xavy, and was 
subsequently accepted by the British Admiralty as the point of de- 
parture for our subsequent construction of submarines. In France 
also successive designs for submarines Avere prepared by competent 
naval ai'chitects, and a fcAV vessels were built and tried. The Plon- 
genr^ of 18G0, Avas a submarine of large size, considerable cost, and 
well-considered design ; but her limited radius of action and com- 
paratiA’ely low speed left her for many years Avithout a successor on 
the French naAy list. The high rclatiA^e standing attained by the 
French naiy as compared Avith our own, in consequence of the A'igor- 
ous action of the Emperor Napoleon III in doA'eloping steam propul- 
sion and armor protection for seagoing shijjs. no doubt greatly in- 
fluenced French policy at that time and delayed dcA'elopment of sub- 
marine construction. When conditions AA'cre altered in consequence 
of the Franco-derma 11 Avar of fsTO. and the position of the French 
naA’v in relation to the British liecanie less favorable, it Avas natural 
that the ([aestiou of submarine construction should assume greater 
importance in France. In the interval, mori'over. great adA'ances 
had been made in luatiu'ials of construction and in means of jiropul- 
sion aA-ailable for sulmiarines. The extended iGe of steel and the 
[iractical apjilications of (‘lectricity gave to de>igners greater facili- 
ties than (existed piAndously. and public interest in the construction of 
submarines and small, swift vessels was increased by the Avritings of 
the jeune (icole, Avho strongly condemned the continued construction 
of armored " ma-'todons." 

The modern development of submarines for war juirposes is chiefly 
due to French initiative. During the earliiu’ stages of this cleA'elop- 
luent pi’ogress A\as extremely sIoav. 1 he (rijin imtc was ordered in 
188t‘) and the (Tiista iw Ac(/c m ISSS, and the trials continued OAmr 
nearly eight years, large sums of money being sjient thereon. In 
189t) competitive designs for submarines Avere invited, but no great 
activity Avas displayed in this department of construction until the 
Fashoda incident tAvo years later. Since that time remarkable de- 
velopments have been made in France, considerable numbers of sub- 
marines haAc been laid doA\n, rixal types huA'e b(^en coiistriicted, and 
niauA de.'ij^ners haA e been en^a^ed in the Avork. Up to the present 
time about 70 submarines and submersibles have been ordered; 
in July. 1901, the total number of completed vessels Avas 28, 
and at the end of 1907 it is estimated that France Avill possess 
GO comph'ted submarines. Avith a total displacement of nearly 
Ic.GOO tons. The first French siiimiarine of modern tvpe. the 
OytHnote, Avas 50 feet long and of BO tons displacement. The latest 
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types are nearly li>0 feet long and of 420 tons displacement. The 
cost of a French siihniarine designed in 1S!)8 was about £20,000. 
The estimated cost of the latest and largest vessels is abont £70,000. 
The French have pursued no continuous policy in this develojsment, 
but have alternated between vessels of comj)aratively large and others 
of much smaller displacement. This course diad much to recommend 
it, no doubt, as it brought many accomplished naval architects into 
comjjetition ; but the lack of a continuous and progressive policy has 
resulted in dissatisfaction and difficulty, and this is frankly acknowl- 
edged by French authorities. Two yeai's elapsed after the date 
when the French resolutely undertook the construction of submarines 
before tlie British Admiralty ordered five vessels of the Holland type 
from Messrs. Vickers. Maxim & Co., who had accpiired the con- 
cession for the use of the Holland Company's patents. The.se first 
vessels in essentials were repetitions of the type which had been tried 
and officially approved by the authorities of the United States Xavy. 
It was agreed that all improvements made by the Holland Company 
should be at the service of the British Admiralty through the Eng- 
lish concessionaires. In this manner the royal navy at once accjuired 
advantages attaching to the long experience and great skill of iMr. 
Holland, and with that advantage there was associated the possibility 
of utilizing their own technical resources and those of ^Messrs. Vick- 
ers, Maxim & Co. For five years a continuous policy has been fol- 
lowed in the development of our submarines, all of which have been 
constructed at Barrow-in-Furness. There has been a great develop- 
ment in size, speed, and general efficiency, resulting necessarily in 
correspondingly greater cost per vessel. Information of an official 
and authoritative character relating to sulimarines is freely published 
in France and the United States, but for British submarines corre- 
sponding official information is scanty. It has for years I)een the rule 
to give in the navy estimates full jJarticulars of dimensions and costs 
for all other classes of British war ships, but for sulunarines a policy 
of secrecy is adopted that is most unreasonable and unnecessary. 

From the best sources of infoianation accessible it appears that the 
growth in size, with a correspondingly increased cost, has been even 
more rapid here than in France. Our first five submarines are (>3 feet 
in length, 120 tons in displacement, with gasoline engines of 1(>0 horse- 
2 :)ower for surface jiropulsion. giving a speed of 8 to 9 knots. The 
electric motors for submerged projndsion are estimated to give a 
speed of about 7 knots. The contract jirice for each vessel in the 
United States was about £34.000. and that is about the ^jrice 2 >aid for 
our earliest vessels. The latest type of which i^articulars are avail- 
able are said to be about I.IO feet in length. 300 tons in disj^lacement, 
and with gasolene engines of S.IO horsepower for surface pro} 3 ulsion. 
giving a surface sjjeed of 13 knots and a radius of action of 500 miles. 
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The undorv’ater speed is !) knots and the radius of action when sub- 
merged about 90 miles. No official particulars have been published 
as to the contract price, for these vessels, which is certainly an unde- 
sirable course to adopt, seeing that for other and admittedly sufficient 
reasons these contracts have not been subject to competition as yet. 
tt may be hoped that the Admiralti’ will reconsider this matter and 
treat submarines similarly to other vessels. 

In French official classification a distinction is made between sub- 
marines and submersibles, and this terminology^ has been the cause 
of some confusion. Both classes ait* capable of diving when recpiired 
and both can make passages at the surface. In this surface condition 
a considerable portion of the vessel lies abov'e the water surface and 
constitutes what is technically called a “ reserve of buoyancv.’" In 
the submersible this reserve of buoyancy and the accompanying free- 
board is greater than in the submarine type, and in this respect lies 
the chief ditference between the two types. The submersible has 
higher freeljoard and greater reserve of buoyancy, which secures 
better seagoing qualities and greater habitability. The deck or 
platform is situated higher above water, and to it the crew can find 
access in ordinary weather when making passages and obtain exer- 
cise and fresh air. Kecent e.xhaustive trials in France are reported 
to have estaldished the great superiority of the submersible type 
when the service contemplated may involve sea passages of consitler- 
able length. The Irench policy, as recently announced, contemplates 
the construction of siiljinersibles of about 400 tons displacement for 
.such extended services and proposes to restrict the use of submarines 
to coast and haihor defense, for which vessels of about 100 tons dis- 
placement are to be employed. All recent British submarines would 
be ranked as submersibles according to the French cla.ssification. and 
it is satisfactory to know, as the result of French experiments, 
that our policy of construction proves to have distinct advantages. 
In addition to these two types of diving or submarine vessels, the 
French are once more discussing plans which have been repeatedly 
jmt forward and practically applied by M. (loubet, namely, the 
construction of small portable submarine vessels which could be 
lifted on board large ships and transported to any desired scene of 
operations. In the royal navy for many years past it has been the 
piactice to similarlt lift and carry second-class torpedo or vedette 
l)()ats about 20 tons in weight. Lifting appliances for dealing 
with these heavy boats have been designed and fitted in all our large 
cruiseis and in battle ships, and a few ships have been built as •• boat 
carriers. ' The first of the.se special depot ships in the royal navx’ 
vas the T )i](;iiu ordered in 1SS7-S8. the design being in essentials that 
prepared by the writer at Elswick in 1SS3. The French have also 
built a special vessel, named the Foudrc, which has been adapted for 
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transporting small submarines to Saigon and performed the service 
without difficulty. Whether this development of small iiortable 
submarines will take effect or not remains at present an open question, 
Imt there will be no mechanical difficulty either in the production of 
the vessels themselves or in the means for lifting and carrying them. 
M. Goubet worked out with complete success designs for vessels about 
feet long and less than 10 tons displacement, with speeds of o to 
0 knots, the trials of which have been very fully described, but French 
authorities have not adopted the type and no decision seems to have 
been taken to introduce it. In this country no similar action has 
been taken, and our smallest submarines, weighing 120 tons, can not be 
regarded as portable." Indeed, some leading British authorities on 
submarines have indicated that experience is adverse to the con- 
struction of vessels in which not more than two or three men would 
form the crew, and on that ground have condemned the construction 
of these small submarines. They would necessarily be of slow speed 
and very linuted radius of action, while their efficient working would 
depend upon the nerve and skill of only two or three men working in 
a very confined space. 

Progress in mechanical engineering and in metallurg}^ has been 
great since Bushnell constructed an.d used his first submarine in 1776, 
during the war between the Ignited vStates and this country. These 
advances have made it possible to increase the dimensions, speed, and 
,’adius of action of submarines: their offensive powers have been 
enlarged by the use of locomotive torpedoes, and superior optical 
arrangements have been devised for discovering the position of an 
enemy while they themselves remain submerged. But it can not be 
claimed that any new principle of design has been discovered or 
applied. From descriptions left on record by Bushnell and still ex- 
tant it is certain that he appreciated and provided for the governing 
conditions of the design in regard to buoyancy. stal)ility. and control 
of the de 2 ffh reached by submarines. Indeed. Bushnell showed the 
way to his successors in nearly all these particulars, and, although 
alternative methods of fulfilling essential conditions have been intro- 
duced aud practically tested, in the end Bushnell's plans have in 
substance been found the best. The laws which govern the flotation 
of submarines are. of course, identical with those applying to other 
floating bodies. When they are at rest and in equilibrium they must 
(Usphtre a weight of water etpial to their own total weight. At the 
surface they float at a minimum draft and possess in this “ awash " 
condition a sufficient free board and reserve of buoyancy to fit them 
for proitulsion. hen submarines are being prejtared for “ diving " 
water is admitted to siiecial tanks, and the additional weight in- 
creases immersion aud correspondingly reduces reserve of buoyancv. 
In some small submarines comparative success has been attained in 
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leaching and maintaining any desired depth below the surface 
simply by the admission of the amount of water re(iuired to secure 
a perfect balance between the weight of the vessel and all she con- 
tains and the weight of water which would fill the cavity occupied by 
the submarine when submerged. For all practical purposes and 
within the depths reached by submarines on service water may be 
regarded as inrompreHuthle. The submarine should, therefore, rest 
in equilibrium at any de[)th if her total weight is exactly balanced 
hy the weight of water displaced. If the weight of the vessel ex- 
ceeds by ever so small an amount the weight of water displaced, that 
excess constitutes an accehu'ating force tending to sink the vessel 
deeper. On the contrary, if the weight of watei’ displaced exceeds 
by ever so small an amount the total weight of the vessel, a vertical 
force is produced tending to restore her to the surface. louder these 
circumstances it is obvious that if the admission or expulsion of water 
from internal tanks (or the extrusion oi- withdrawal of cylindrical 
plungers for the purpose of varying the displacement | were the only 
means of controlling vertical movement, it would be exceedingly 
difficult to reach or to maintain any desired depth. This difficulty 
Avas anticipated on theoretical grounds and has been verified on serv- 
ice — in some cases with considerable I'isk-- to tin* experimentalists — 
the submarines having reached the bottom before the vertical motion 
could be checketl. It has conscapiently Ix'come the tide for all sub- 
marines to be left with a small reserve of buoyancy tvlien brought into 
the diving condition. Submergence is then efh'cted by the action of 
horizontal rudders controlled by operators within the vessels. 
Under these conditions submergence only continues as long as on- 
Avard motion is maintained, sinci' there is no etfectiAe pressure on 
the rudders Avhen the Aessel is at rest Tin* smallest reserve of buoy- 
ancy should abvays bring a submarine to the surface if her oiiAvard 
motion ceases, and. as a matter of fact, in the diving condition that 
reserve is extremely small, amounting to only ;500 pounds (equiAut- 
lent to 80 gallons of Avater) in vessels of JgO tons total AAcight. This 
is obviously a narroAV margin of safety and necessitates careful and 
skilled management on the part of those in charge of submarines. xV 
small change in the density of the Avater, such as occurs in an estuary 
or in the loAAei reaches of a great riA'er. AA'ciuld speedily obliterate the 
re.serA'e of buoyancy and cause the Ae.ssel to sink if Avater Avas not 
expelled from the tanks. iMoreoAer. Auiriations in Aveight of the sub- 
marine (due to the consumption of fuel, the discharge of torpedoes, 
or other causes) must sensibly affect the reserve of buoyancy, and 
arrangements must be made to compensate for these Aariations bv 
admitting equal Aveights of Avater in positions that Avill maintain the 
trim of the Aessel. AdAlitional saft*guards against foundering 
haA'e been provided in some submarines by fitting detachable ballast. 
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The more common i^lan is to make arrangements for rapidly expel- 
ling water from the tanks either hy means of pmiijis or by the use of 
compressed air. In modern submarines with locomotive torpedoes 
compressed air is, of course, a necessity, and can be readily applied 
in the manner described if it is desired to increase their buoyancy. 

The conditions of stability of submarines when diving are also 
special. At the surface, owing to their singular form, the longitu- 
dinal stability is usually much less than that of ordinary ships. 
AVhen submerged their stability is the same in nil directinnK, and it 
is essential that th(‘ center of gravity shall be kept below the center 
of buoyancy. This involves no difficulty, because water-ballast tanks 
can be readily built in the lowcu- portions of the vessels. Small sta- 
bility in the longitudinal sense, however, necessitates great care in the 
maintenance of trim and in the avoidance of serious movements of 
weights within the vessels. Moreover, when a vessel is diving under 
the action of her longitudinal rudders she is extremely sensitive to 
changes of trim and great skill is recpiired on the part of operators 
in charge of working the rudders. As the underwater speed is in- 
creased the pressure on the rudders for a given angle increase^ as the 
square of the velocity, and sensitiveness to change of trim becomes 
greater. This fact makes the adoption of higher underwater speed 
a matter recpiiring very serious consideration. fSome authorities 
who have given groat attention to the construction of submarines 
have been opposed to the adoption of high speeds under water, be- 
cause of the danger that vessels when diving quickly may reach much 
gu'eater depths than are desirable. Causes of disturbance which 
might be of small impoi'tance when the underwater speed is moder- 
ate may have a greatly exaggerated effect when higher speeds are 
reached. Cases are on record where modern submarines in the hands 
of skilled crews have accidentally naiched the bottom in great depths 
of water and have had no easy task to regain the surface. For these 
reasons it is probable that while speeds at the surface will be in- 
creased, underwater speeds will not grow correspondinglv. Indeed, 
the tactics of submarines hardh" appear to require high speed under 
water, seeing that it is an important element in successful attack to 
make the final dive at a moderate distance from the enemy. It is 
authoritatively stated that in our submarines complete control of ver- 
tical movements has been secured by means of skilled operators, and 
that a constant but moderate depth below the surface can be main- 
tained. Proposals have been made and successfully applied to small 
submarines for automatically regidatiug the depth of submergence 
by apparatus similar to that used in locomotive torpedoes. For the 
larger submarines now used such automatic apparatus does not find 
favor, and better results are obtained Avith trained men. 
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The possibility of descending to considerable depths has to be 
kept in view when deciding on the form and structural arrangements 
of submarines, which mat' be subjected accidentally to very great ex- 
ternal pressure. It is absolutely necessary to success that under the 
highest pressure likely to be endured there shall be rigidity of form, 
as local collapse of even a very limited amount ndght be accompanied 
by a diminution in displacement that would exceed the reserve of 
buoyancy. This condition is not diflScnlt of fulfillment, and the ap- 
Itroximately circular form usually adopted for the cross sections of 
submarines favors their resistence to external 2)ressure. 

Under former conditions there was difficulty in remaining long 
under water without serious incoiiveiiience from the impurity of the 
air. Xow. by suitable aiTangements and chemical a])idiances. a 
supply of jjure air can be olrtained for considerable periods, sufficient 
indeed for any o2>erations likely to be undertaken. 

The use of gasoline engines for surface j)roj)tilsion has many 
advantages. It favors increase in sjieed and radius of action, and 
enables submarines to l»e more independent and self-su{)2Jortiug. 
Storage batteries can be recharged, air compressed, and other auxil- 
iary services jjerfornied iiuleiJendeiitly of any " mother " shii:). At the 
same time it is desirable to give to each grouj) of sul)marines a 
supporting shij), serving as a base and store depot, and this has been 
arranged in this county as well as in France. With gasoline engines, 
care must be taken to secure thorough ventilation and to avoid the 
formation of ex2:)losive mixtures of gas and air. otherwise accidents 
must follow. 

Little information is availalde as regards the success of '' jieri- 
scoites " and other optical instruments which have l)een devised for 
the i:)ur2tose of enabling those in command of submarines to obtain 
information as to their surroundings when sulunerged. In this 
department secrecy is obvioudy desirable, and no one can com[:)lain 
of official reticence. From [published accounts of ex[)erimental work- 
ing abroad as well as in this country, it would appear that considerable 
success has lieen obtained with the^e optical instruments in corufiara- 
tively smooth water. It is aUo asserted that when the lenses are 
subjected to thorough washing by wave water they remain efficient. 
On the other hand, the moderate height of the lenses above ivater 
must expose them to the danger of being wetted by spray even in a 
very moderate sea. and experience in torpedo boats and destroyers 
places it beyond doubt that the resultant conditions must greatly 
interfere with efficient vision. In heavier seas the comparatively 
small height of the lenses above water must often imjio.se more 
serious limitations in the use of the jieriscojies and similar instru- 
uauits. Imju'ovements are certain to be made as the result of experi- 
ence with these ojitical ajujliaitces, and we may be .sure that in their 
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use officers and men of the royal navy 11411 be as exjiert as ani’ of 
their rivals. But when all that is possible has been done, it must 
remain true that increase in olfensive power and in immunity from 
attack obtained liy submergence will he accompanied by unavoidable 
limitations as well as by special risks resulting from the sacrifice of 
buoyancy and the great reduction in longitudinal stability which are 
unavoidable when diving. These considerations have led many per- 
sons to favor the construction of so-called -s/o/ucc hoatu rather than 
submarines. They would resemble siibmersibles in many respects, 
but the power of diving would be surrendered, although they would 
be so constructed that by admitting water by s 2 )ecial tanks they 
could be deei)ly immersed and show only a small target above the 
surface when making an attack. There would be no necessity in 
such surface vessels to use electric motors and storage batteries, since 
internal combustion engines could be used under all circumstances. 
Hence it would be iiossible without inci’ease of size to construct 
vessels of greater sjieed and radius of action and to simplify designs 
in other important features. It is not iiossible to predict whether 
this suggestion to adopt surface boats rather than siibmersibles will 
have a practical result, but it is unquestionable that improvements 
in or alternatives to internal combustion engines ivill favor the in- 
crease of jiower in relation to weight, and so will tend to the jiro- 
duction of vessels of higher sjieed. The conqiafatively slow sjieed of 
existing submarines as compared with destroyers and toiqiedo boats 
of ordinary types admittedly involves serious limitations in their 
chances of successful attack on vessels under way. and higher surface 
sjieeds are desirable. 

Concurrently with the construction of submarines, experiments 
have been made in this country aiul abroad to discover the best means 
of defense against this method of attack. Here, again, authentic 
details are necessarily wanting, since the various naval authorities 
naturally wish to keeii discoveries to themselves. It is very jirobable, 
however, that jmblished accounts of tests between swift destroyers, 
vedette boats, and submarines are not altogether inaccurate, and 
according to these accounts the jieriscopes of submarines have been 
found useful by assailants as the means of determining the position 
of the submarines and aiding their entanglement. Conqiarativelv 
limited structural damage to a submarine in the diving condition may 
be accompanied by an inflow of water in a short jieriod which wdl 
result in the loss of the vessel. The accident to Submarine A 1, which 
was struck by a passing mail steamer, illustrates this danger. It is 
reasonable to accept the published reports that large charges of high 
explosives exploded at a moderate distance may haie a serious effect 
against submarines and cause them to founder. Their small reserve 
of buoyancy in the diving condition makes them siiecially liable to 
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risks of foundering rapidly, and little more than a crevice maj- prac- 
ticalh’ fill the interior with water in a very short time when the vessel 
is submerged even to a moderate depth. On the other hand, reports 
which have appeared of the maneuvers in France and elsewhere, 
when attacks have been made by submarines on vessels at anchor or 
underway, show a considerable percentage of successes. Such 
exercises are valuable, no doubt, for purposes of training, but under 
peace conditions it is necessary to avoid the risks of damage to 
submarines, which might easily l)ecome serious if the defense were 
pressed home, as it would Ije in wai'. When the officers and crews of 
submarines know that they will be treated more considerately than 
in real warfare they will naturally take chances, and make attacks 
involving possible destruction under the conditions of a real action. 
In short, naval maneuvers in this department, while they may be 
useful in increasing the skill and confidence of officers and men in 
the management of submarines, can be no real test of fighting 
efficiency. 

Submarines and air ships have certain points of resemblance, and 
proposals have been made repeatedly to associate the two types or to 
use air ships as a means of protection from submarine attacks. One 
French inventor seriously suggested that a captive balloon attached 
to a submarine should be the post of observation from which informa- 
tion should be telephoned to the submarine as to the position of an 
enemy. He evidently had little trust in periscopes and overlooked the 
dangers to which the observers in the car of the balloon would be 
exposed from an enemy's gun fire. Quite recently a 2:)roposal has been 
made by M. Santos Dumont to use air ships as a defense against 
submarines, his idea being that a dirigible air ship of large dimen- 
sions. and moving at a considerable height above the surface of the 
sea could discover the whereabouts of a submarine, even at some depth 
below the surface, and could effect its destruction by droj^i^ing high 
explosive charges upon the helpless vessel. Here, again, the inventor, 
in his eagerness to do mischief, has not apj)reciated adequately the 
risks which the air ship would run if emphn’ed in the manner jiro- 
posed. as submarines are not likely to be used without sup^Jorting ves- 
sels. Hitherto sidimarines themselves have been armed only with 
torjiedoes : but it has been proposed recently to add guns, and this can 
be done, if desired, in vessels possessing relatively large freeboard. 
Xo doubt if gun armaments are introduced, the tendency will be to 
further increase dimensions and cost, and the decision will be gov- 
erned by the consideration of the gain in fighting power as compared 
with increased cost. As matters stand, submarines are practically 
helpless at the surface when attacked by small swift vessels, and it is 
natural that advocates of the type should desire to remedv this condi- 
tion. Surface boats, if built, will imdoubtedly carry guns as well as 
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torpedoes, and in them the gun fittings would be permanent, whereas 
in submarines certain portions of the armament would have to be 
removed when vessels were prepared for diving. 

Apart from the use of submarine vessels for purposes of war. their 
adoption as a means of navigation has found favor in many quarters. 
Jules Verne, in his Twenty Thousand Leagues under the Sea, has 
drawn an attractive picture of what may be possible in this direction, 
and others have favored the idea of combining the supposed advan- 
tages of obtaining buoyancy from bodies floating at some depth below 
the surface with an airy promenade carried high above water. Xot 
many years ago an eminent naval architect drew a picture of what 
might be accomplished by utilizing what he described as the '■‘un- 
troubled Avater beloAv " in association with the freedom and pure air 
obtainable on a platform carried high aboA'e the Avai^es. These 
suggestions, howei’er. are not in accord with the accepted theory of 
AvaA’e motion, since they take no note of the great depths to Avhich 
the disturbance due to wave motion penetrates the ocean. The 
problems of stability incidental to such plans are also of a character 
not easily dealt with, and consequently there is but a remote prospect 
of the use of these singular combinations of submarine and aerial 
superstructures. There is little likelihood of the displacement of 
ocean steamships at an early date by eithci’ navigable air ships or 
submarines, and the dreams of Jules Verne or Santos Dumont Avill 
not be realized until much further advance has been made in the 
design and construction of the vessels they contemplate. 
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Ry Sir ITakky .Johnston'. <i. r. il. (1.. K. (_'. B. 


Liberia is a portion of the West African coast lands which may be 
styled the end of Xorthern fiidnea. Its southernmost promontory — 
Cape Palmas — of all the (baiiea coast pntjects farthest southward, to 
scarcely more than 4 froni the e(inat()r. d'lie northern jiolitical 
boundary of Liberia meets the coast at the mouth of the river Mano 
in north latitude 7 . The actual boundary on the south, between 
Liberia and the French possessions on the Ivory ct)ast. is the course 
of the river Ka\alli. the mouth of which rivtu' lies about PI miles to 
the east of Ca[)e Palmas, in latitude I' ±2'. The nortliernmost ex- 
tremity of Liberian territory on the coast lies jiist to the smith of that 
marshy and densely fori'sted portion of the .Sierra Leone colony — the 
vSherbro district — which one might say. with a fairly accurate guess, 
was the farthest point reacheil by the Carthaginian explorer Hanno 
in his celebrated voyage of discovery along the northwest coast of 
Africa in about ^>'20 P>. C. It is ju'obable that the " gorillas " which 
Flanno's expedition captured somewhere in the \icinity of the Sher- 
bro River or of northern Liberia was the chimpanzees still found in 
these regions. 

It will be seen on the map that Liberia occu|hes a most important 
strategic position on the west coast of ^^frica. The general trend of 
its coast is from northwest to southeast, parallel to the course taken 
by steamers plying across the Atlantic between Europe and South 
Africa. It might, in fact, in the hands of a strong naval power, 
exercise a very dominating influence ovei- the eastern Atlantic, which 
is one reason, among many others, why (Ireat Britain desires to see 
the independence of the Liberian Republic preserved and maintained. 

The country of Liberia as a whole is one dense fore-t. It is prac- 
tically the culmination of the West African forest, the regions to the 
north, east, and west having been more extensively cleared bv man 
in past times, or partaking more of the park-land, grass-grown char- 

“ Read at the Royal (Jeofiraphical Society. March L’T. mo.'i. Reprinted, liy per- 
mission. from Tile (ieoiirapliical .Journal. Taaidoii. Vol, XXVI. Xo. 2 . August. 
190.5. .See also “ I.iberia." liy Sir Harry Johnston. Xew York. IPOC.. 2 vols.. 8vo. 
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acter owing to their less copious rainfall. Xow that two English 
companies, in conjunction with the Government of Liberia, are en- 
deavoring to develop the resources of the interior and to accumulate 
knowledge regarding the climate and products, attempts are being 
made to record the rainfall, as to the extent of which at present only 
a guess can be made. It is probable that south of latitude 8° 30' the 
average annual rainfall of Liberia is not le.ss than 100 inches. Ad- 
joining regions in Sierra Leone have a recorded rainfall of something 
like 130 inches, so that this is probably an under rather than an over 
estimate. North of latitude 8'^ 30' the rainfall diminishes probably 
to 00 or 80 inches jier annum, and in consequence the dense forest 
gives way to a pastoral countrv of savannas, grassy hills, or park 
lands of grass, with dense forest along the stream valleys. Mr. 
Alexander IVhyte. well known by his many years’ work as an official 
in charge of botanical departments in the British East African Pro- 
tectorates. spent a good deal of 1004 in Liberia, and in the report 
which he drew up for my information he considers that this country, 
which has a seaboard of approximately doO miles long (from north- 
west to southeast) and a total superficies of about 45,000 square 
miles, has two somewhat different climates, depending, no doubt, a 
good deal on the latitude'. In the soutliern regions, below latitude 

0 . the rainiest time of the year appears to be the months of March to 
June and August to December. North of this — round Monrovia, 
for example — the sijecially rainy months are April to the end of July, 
September, and OctoL'r. 

From my own experience of Liberia. I should say that the heavy 
rainy season begins in April and lasts till the end of July. Then 
there is a pause of a month or six weeks with less rain, the heavy rains 
beginning again in September and lasting till the middle of Novem- 
ber. From mid-November till the end of March is the dry season, at 
any rate in the northern l^lf of Liberia, but in the southern part 
this dry season is not much more marked than it is in the Niger Delta. 
Rain, in fact, may fall in any month of the year. Between November 
and April is the worst season for storms, some of which are very 
violent. 

B hen I first visited the coast of Liberia, in 1882 and 1885, the 
primeval forest grew down to the sea along a great proportion of 
the coast : but when I revisited this country in the summer of 1904, 
and touched at a good many places at the coast where I had noted 
forest growing as late as 1888. much of this big-tree woodland had 
been swept away to make room for plantations or even for towns. 
In fact, with a few exceptions, the big-tree and rubber-producing 
forest does not usually I)egin in its most marked characteristics until 
a journey of at least 15 miles has been made inland from the coast. 

1 have estimated, from the reports of the agents of the British com- 
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panies and from the accounts of Liberian, British, and French 
explorers, that out of the 45.000 square miles which may be approxi- 
mately assigned as the area of the Liberian Republic, at least 25,000 
square miles consist of dense, uncleared forest, penetrated, it may be, 
by narrow native paths, but as often as not only pierced by elephant- 
made tracks. About 3.500 square miles represent the plantations, 
gardens, towns, and settlements of the Americo-Liberians along the 
coast and 2,000 or 3,000 s(piare miles the clearings made by the indig- 
enous natives in the dense forest. The remainder of the territory — 
about 15,000 square miles — is grass or park land in the possession of 
the Mandingo tribes, who are great cattle breeders. This is the 
characteristic of the far interior of Liberia, where it borders on the 
French possessions of Upper Nigeria. From all accounts I can col- 
lect, as well as from the little I have seen myself, I do not think that 
much of the interior of Liberia can bo described as marshy. It is, 
on the other hand, inclined to be hilly, and at distances of from 40 to 
100 miles inland the ranges of hills reach altitudes which might 
almost be dignified by the name of mountains. Some of these 
mountains (the Nimba range) attain heights of over C.OOO feet — this, 
at any rate, is the height ascribed to them by certain French explor- 
ers; and from what I am told by ^Ir. iSlaitland Pye-Smith, one of 
the agents of the afoi'osaid British companies, I am inclined to think 
that 4.000 feet, at any rate, is reached or exceeded by peaks in the 
Satro range. If tlie reports of certain travelers are justified, how- 
ever, it may well turn out that there are altitudes (such as Mount 
Druple) on the Franeo-Liberian border of over 9.000 feet, and conse- 
quently higher than anything that is to lae met in West Africa south 
of the upper Niger and west of the Kamerun. Some of these moun- 
tain sides are precipitous, with faces of bare rock. Others, again, 
are clothed with dense vegetation to their summits, and this continu- 
ance of dense and lofty forests for miles and miles and miles will be a 
terrible hindrance to surveying in the future, while at the present time 
it gives to Liberian exploration the same sad and somewhat dreary 
character that has been so powerfully de.scribed by Stanley in record- 
ing his adventures in the great Kongo forest. Much as the botanist 
may glory in the splendid vegetation. I really think that in the long 
run one wearies more quickly and easily of forest than of desert. 

Forest, in fact, is the distinguishing feature of Liberia as a country; 
it is the climax of the forest region of West Africa. In and from the 
forest will be deidved the great future wealth of this country. The 
geologic formation would appear to be mainly Archean. and the rocks 
are mostly granite and (juartz. Avith here and there indications of 
volcanic tufif. The rocks near the seacoast and in the coast ranges of 
hills are much impregnated with iron, and are consequently very red 
SM 1905 20 
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ill color. The appearance of this rock, especially where it is revealed 
by the roads which the Aiiierico-Liberians have cleared in the coast 
region, is curiously pitted and honeycombed. It is hard, becoming 
especially indurated on exposure, and tliis makes it a good surface for 
road making, as it does not degenerate into mud. Very little is known 
about the possible mineral wealth of Liberia uji to the present time, as 
the extremely dense forest of the interior is a great obstacle to a rapid 
survey of the country. Apart from hematite iron, which appears to 
exist nearly everywhere, there are traces of gold in the mud of the 
rivers, and native stories assert the existence of alluvial gold in the 
Mandingo uplands beyond the forest region. Lead has been dis- 
covered recently in the Kelipo country in eastern Liberia, and zinc ore 
in the vicinity of Monrovia. In the Kavalli region there is a great 
deal of corundum in the rocks. It has been alleged that a diamond 
was discovered in the hills behind (Irand Basa by a Ijiberian, but as 
yet no confirmation of this discovery has reached me; nor have I been 
able to ascertain where the copper comes from which is used to a 
limited extent in some of the Mandingo weapons from the far interior. 

The Liberian forests contain most of the 'West African timber trees. 
Such ebony as is exported, however, does not seem to be so good as 
that which is derived from the genus Dioxpyvox. It is very probably 
derived from a papilionaceous tree belonging to the botanical genus of 
Dalbercjiu.’' The wealth of this forest in india-rubber-producing trees, 
vines, and bushes is without parallel in any other part of Africa, tinle.ss 
it be one or two small areas of the Kongo basin. Counting the four 
rubher-producing figs, there appear to be at least twenty-two trees, 
plants, or vines which produce saleable rubber. These species include 
the well-known and widespread Landolphia oirnriensiit and the mag- 
nificent Fiihtvnuu elastiea, the rubber tree once so abundant in Lagos 
colony. The Fioitumia elasticu is stated to grow to over 200 feet in 
height. It closely resembles in appearance the allied species F untunilu 
ufricatKi, but there is a very considerable difference in the price of the 
rubber yielded by the one and the other — the rubber derived from Fun- 
tumia africana may, perhaps, be sold for 18 pence a pound, but the 
well-prepared rubber of Ftmtintiia elnxtim ranges in A'alue from 8 to 
4 shillings. The distinctive features of the leaves, flowers, and fruit, 
which enable the observer to decide Avhether he is taj^ping the valu- 
able or the valueless Ftintiirnhi. will shortly be illustrated in my book 
on Liberia. The range of the Fuatumia clastica appears to extend 
from the middle of Liberia eastward as far as western ITganda. It 
is found in a poz’tion of the Bahr-al-Ghazal region and in the northern 

“ Ihere are two species of ebouy-poxliu-iiig Dalhenjla in Liberia, one of which 

has just been discovered by an agent of the Jlourovian Rubber Company — Dal- 
oergia Ulerica. 
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part of the Kongo Free State. The is more strictly 

W est African in its range, from Portuguese Guinea to the Kongo 
basin. In the western regions of the Kongo Free State and in Angola 
a third Funtumki is found, which, like Funtumkt vfncdnd, is of not 
much value to the rubber trade. Mr. Alexander Mdivte. in his system- 
atic examination of the Liberian flora, which he undertook at my 
request during 1904, has discovered two new species of wild colTee — 
Coffed nudlfora and Coflea lit/ii-'ifrifoJia. The well-known Liberian 
coffee with a big Ijerry is, of course, indigenous to the country, and is 
now being exclusively cultivated by the Americo-Liberians on the 
coast. 

In Liberia, of course, as in most densely forested countries, the 
disphn’s in color masses of large aggregations of flowers are not so 
often ol)served as in the park lands and more open country. Still, 
there are many objects of beatity in the forest which should be 
enumerated as prominent features in Liberian scenery. Every i)ool 
and creek of still water is covered with water lilies, chiefly the com- 
mon Xi/atph/ea lotax, a small variety of which is also present, and is 
peculiar to Liberia. In the damp glades there are abundance of 
Crinavi and HremuntJun^ lilies. A small and very Ijeautiful ter- 
restrial orchis grows on the surface of the water in shallow pools. 
In the dense forests there are numerous epiphytic orchids, chiefly 
with enormously long nectaries. A sj^ecies of vanilla 
groAvs wild in the bush. There are many zingiberaceous ijlants in 
the undergrowth of the forest, sometimes with large and delicately 
colored flowers, at others remarkable for the size and ricli coloring 
of their leaves. Among these may l>e noted Cofifiix, A/nominn, 
Thalia, and Renealniia. Another family of jdants Avell represented 
in the undergrowth, and remarkable for the variety and beauty of 
their foliage, are the arums. Prominent among these are Aneho- 
?uane/i, Culcatiia, Xephth ytln. Aylaonema. and C ijft tipper nia. The 
Lonehoearpuff tree has at times magniticent displays of lilac blossom, 
not unlike wistaria in shape and color. Tlie Avaxy-white camelia- 
like floAvers of the Aaotta are objects of great Iteauty. especialh" where 
they are thickly clustered along the horizontal branches. The .1/e.s- 
tsaoidaa also light up the forest Avitli their red or white bracts. One 
Mihs/<(nul<(. or a closely allied plant, has gorgeous scarlet-crimson 
bracts like a Po/uxetha ; another. Avhich is A ery common, not only in 
Liberia, but throughout the Avhole forest region of West Africa from 
Portuguese Guinea to Fganda, has a cluster of large Avhite bracts 
below the yelloAv floAvers. These bracts, Avhich are leaflike in shape 
(though not like the leaA'es of the plant itself), look at a distance 
like foliage cut out of Avhite A^eh-et. The Ochaa aiultifl.ura is a 
beautiful floAvering tree. 
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Beyond the forest region a parklike country is entered, inhabited 
for the most part nowadays by a more or less Mohammedanized 
2)eople. belonging chiefly to the Mandingo stock. These Mandingos 
keej) large herds of cattle, examjrles of which find their way down 
to the coast through the forest roads. They are similar to the breed 
which is on sale at the market of Sierra Leone — smallish, straight- 
backed cattle (without a hunij^). one-colored as a rule (fawn or gray 
or reddish-yellow), with rather long horns. This breed resembles 
in miniature the long-horned Gala ox which is found in southern 
Abyssinia, and thence, with several breaks in its distribution, to 
Uganda and the west side of Tanganyika, and across the Nile to the 
shores of Lake Chad. The Mandingo ox is. to my thinking, simply a 
dwarfed variety of this Gala breed, which seems to have been the 
oldest form of flomestic ox known in Africa. In origin it is thought 
to be more connected with the Indian cattle than with the descendants 
of Boft but when it is found in its purest form, it has not 

got the hump that is associated with the zebu S2)ecies. though it 
freely mixes with that tyjxx and sometimes thus acquires the zebu 
humi) in addition to the characteristics of the extremely long, 
spreading horns (longest in the cow) and the tendency to be one- 
colored. I am not so sure myself that this tyjx' of ox is necessarily 
descended from Box 'uuUckx. It is represented in the paintings of 
the Egyptian monuments together with the zebu ty])e. It may have 
been descended from an intermediate tyi)e of wild ox native to north- 
east Africa — intermediate lietween Box tmirux and Box indicus. 

In this ojjen Mandingo country of hills, mountains, and grass lands 
there is said to lie a g-nait deal of big game. The lion exists there, 
hartebeests of the IVest African tyjx, water buck, giratfe. roan ante- 
lojx. reed buck. 2)ossil)ly zebra, rhinoceros, and giratfe. Elejfiiants 
are abundant all over Liberia down to within about miles of the 
coast region. In fact, many of the jjaths through the forest are little 
else than elephant tracks. Elephants are a good deal dreaded by the 
natives of the forest region, as they are alleged to attack man quite 
mqu'ovoked. They do a great deal of ilamage to jilantations. The 
Mandingos. bv-the-bye. have horses similar in a2)pearance to the native 
breeds of Nigeria. Occasionally oin‘ of these horses finds its way 
down to the coast in Liberia, but, as a rule, the few horses one meets 
with at Liberian coast towns have been bi-ought by sea from French 
Guinea (Konakri). It is an important fa<-t. however, of great nega- 
tive value, that a])})arently there is no Nagana oi- tsetse fly disease in 
Liberia. No doubt there are one or mort' sja-cies of (iloxxiiio related 
to the tsetse fly. but they do not carry tin' c('lebrated (st'tse disease 
to horses and cattle. 

The princijtal and remarkable animals of the Liberian forest region 
tire, among antelojtes. the handsome.st of the Tragelajjhs, the bongo. 
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This splendid animal, good specimens of which are to be seen in the 
Xatnral History Museum, at .South Kensington, is almost the largest 
in size of the Tragelaphs, being exceeded only by the eland. It is 
magnificently colored bright chestnut red, with a few points of black, 
and bold white stripes and bars. It seems to be fairly common in the 
Liberian forests, which also conceal in their recesses curious develop- 
ments of the cephalophinc antelopes, or duykers. These duykers in 
other parts of Africa are usually associated with the idea of a very 
.'^mall antelojje; but in Inberia there is the wide-spread Cfj>Jiul(>phiis 
ti]/l riciiltrl.i', which is nearly the size of a small cow, and CeplutlopliuA 
jetttincl-p which is about the size of a fallow deer, with short stout 
horns. Resides several small types of diiyker there is the tiniest of 
all the antelojjes — the royal antelo[) 0 — not so large as a hare; and 
there is the beautiful zebra anteloi)e. which is bright yellow bay 
boldly marked with bold black stripes, a most unusual coloration in 
this grouiJ. The butlalo of the forest region is the red-haii'ed, dwarf, 
short-horned butfalo. The ordinary big hippopotamus is said to be 
present in the lower Kavalli River, but Liberian streams and fore.sts 
are for the most part frequented by the pigmy hippopotamus, an 
animal which probably ext(‘nds its range from the interior of Sierra 
Leone to the French Lory Coast. Refore I leave the question of the 
fauna I should like to mention that, in addition to there being ap- 
parently no (llo.-^sina fly to spread the tsetse disease, there is a great 
relief in other directions from tin- ordinary insect pests of Africa. 
Mosquitoes are very seldom met with. In fact, they seem to be 
entirely absent from much of the forest region. Xor are white ants 
very common or destructive in the centers of jmpulation. 

The human poj)ulation of Liberia consists of the following ele- 
ments, which may be divided first of all into indigenes and Americo- 
Liberians. The former number something like 2.000.000 and the lat- 
ter between 12.000 and 1.5.000. So far as the outside Morld is con- 
cerned. the world of treaties and congresses, the country which Ave 
know as Liberia is considered to l)e]ong to and be governed by this 
small caste of English-sjjeaking negroes aiul half-breeds of Amei'ican 
origin. These English-speaking negroes certainly govern and ad- 
minister the coast line and a belt of more or less settled country Avhich 
extends from 20 to 40 miles inland. Of late years tliev Iuia’c been on 
generally friendly terms Avith the 2.000.000 indigenous negroes, some 
of whom haA'e come A ery much under their influence. 

The Americo-Liberians are the suiwiA'ors or the descendants of 
freed sIua’cs or persons dissatisfied with their social condition in the 
United States of America during the early part of the nineteenth cen- 
tury. A considerable number of them also came from the British 
West Indies: but the moA'ement Avhich founded Liberia — the black 
Republic on the Avest coast of Africa — originated Avith certain philan- 
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thropic societies in the United States about 1821. The idea, however, 
in its genesis was the outcome of that still earlier movement in Great 
Britain which led to the formation of Sierra Leone. "WTien British 
philanthropy in the eighteenth century was awakened to the injustice 
of the slave trade and the unhappy condition of many of the runaway 
slaves or freed negroes in the West Indies or in British America, it 
was decided to repatriate a number of these people, and for that pur- 
pose (possibly also with an eye to the main chance in securing for 
Great Britain one of the few good natural harbors on the west coast 
of Africa — Seirra Leone) a settlement was formed on the site of the 
modern Free Town, without overmuch regard to the feelings or rights 
of the local inhabitants. In the same way. when it was decided in the 
United States to found a home for the repatriated African, the prior 
experiment of Sierra Leone turned attention toward the same coast, 
and in 1821 and at subsequent dates settlements were effected, firstly 
at Monrovia, and later on at Roberts Port, Grand Basa, Sino, and 
Harper ( Cai)e Palmas) . Usually those who conducted the enterprise 
went through the form of buying small plats of land from local head- 
men or chiefs: but. as a rule, the promoters of this movement did not 
trouble overmuch about the rights of the ” bush niggers.’’ as the indig- 
enous natives were termed. Consequently the first fifty years of the 
history of Liberia were marked by constant struggles between the 
Americo-Liberian invaders and the native blacks. During the last 
ten years, however, there has been a marked advance in good rela- 
tions between the American settlers and their native subjects, as many 
of them may fairly be called. The wise policy of President Barclay 
has greatly promoted this good feeling since 1904. He has been able 
to assendjle at different times at the capital chiefs or their represent- 
atives from almost all parts of Liberia, even from the ^landingo dis- 
tricts just beyond the limits of the coast belt. Therefore they have 
no subject of disagreement. I’uriously enough one example of this 
mild rule of black by black is that the white man in Liberia is every- 
where receiv(>d with great friendliness. Ix'cause he is not associated in 
the minds of the natives with auytliing like conquest or oppression. 

How far tin* original exp<‘riiu»'nt will succeed the next twenty 
years will. ]ierhaps. indicate. The uegroi's of Anun'icau origin who 
have settled in Liberia have not. as a general rule, been able to stand 
the climate very much better than Europeans, and. as a rule, they 
have not been able to rear large families of children. Yet it seems to 
me as though Liberians of the new generation born in the country are 
beginning to take hold, but this is partly due to the increasing and 
I think very sensible ])ractice of intermarriage with women of the fine, 
vigorous, indigenous races. Probably the future of Liberia will be a 
negro state very like .Sierra Leone in its <levelopment, with English as 
its government language, and such English or American institutions 
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ap may prove to be suited to an African country, a coast belt inhabited 
by negroes professing Christianity and wearing clothes of European 
cut, and a h.interland of Mohammedans dressed in the picturesque and 
wholly suitable costume worn at the 23resent day by the Mandingos 
and by most !Mohanmiedan negroes between Senegal and tlie MTiite 
Nile. 

The native races of Liberia, the languages they sjieak, and the 
religions they {trofess may, to a certain extent, be grouped under two 
classes — the Mandingo on the one hand and the Kru negro on the 
other. I am aware, of course, that the Alandingo tyjje is a very vari- 
able one jihysically. according to the less or greater degree of Cau- 
casian blood which i)ermeate.s its negro stock, and also that the Kru 
man jjroper is confined in his distribution to a small itortion of the 
southern coast of Liberia. But each of these types is sufficiently 
i-epresentative to serve as a general illustration of the two classes of 
Liberian jteojjles. Associated with the Mandingos. to a great e.xtent 
in language, in Mohannnedan religion, and in the adoittion of the 
Arab dress, are the Vai and the Gora of western Liberia, and to some 
extent the Buzi or Kiinbuza. All the remaining tribes are more or 
less related to the Kru stock in language. ai)pearance. ithysique, cus- 
toms, and the [trofession of a jtagan and fetishistic religion, similar 
in general features to the fetish religions of all western and west 
central Africa, with some points of resemblance to the Bantu beliefs 
in the southern half of Africa. The Gora language of western 
Liberia is rather a jtuzzle in classification, and it must be admitted 
that it only offers the slightest affinity to the Mandingo grouji and 
an equally slender connection with the Kru family. In a still more 
generalized way it may be said that there are distant resemblances 
between the languages of the Kru and Mandingo stocks: nor can 
these slight resemblances be altogether exjtlained by the mere imjiosi- 
tion of linguistic influences. The Mandingos. who are destined to 
l^lay a most imjjortaut part in the development of Liberia and of 
much of tVest Africa, are nothing but a varying degree, of cross 
between the Fula race of the IVest African jiark lands and the ordi- 
nary IVest African negro. 7’his cr:.s>ing and the founding of this 
group of pe()])le — the correct pronunciation of whose name seems to 
be Mading'a. or Manding'a — may havt* been a relatively ancient one. 
The Mandingos. in fact, are the Swahilis of IVest Africa and offer a 
striking resemblance in face to the average type of Swahili ]a)rter 
that one meets with on the Zanzibar coast. They also often resemble 
natives of Uganda, ami for the same reastui — that a good deal of the 
l)oi)ulation of fTganda is infused with a slight Haniitic element 
derived from the Hima aristocracy. Several Mandingos whom I 
met at ^Monrovia were able to speak Arabic in a halting fashion. 
The Arab words they understood best were those pronoum-ed in the 
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North African dialect. It seems to me that in some cases the Cau- 
casian element in the ilandingos was derived from direct intermix- 
ture of Berbers and Arabs from North Africa with the negroes of 
the Upper Niger. I doubt if any pure-blooded Fula people extend 
their range into the northern limits of Liberia ; but thej’ have had 
an undoubted influence in times past over the develojmient of the 
park land which lies beyond the forest. By their minglings with the 
indigenous negroes of the Sudanese and West African type thei^ have 
created the jVIandingo peoples and Iiave also carried Mohammedan 
civilization and tenets into that part of Africa, as well as, no doubt, 
the Sudanese breeds of cattle and sheei>. The domestic sheep of all 
the forest region of Lilxu'ia is that common to the other forested jiarts 
of West Africa — the sheep with erect ears, fairly well-developed 
horns, small size, black and white coloring, a tail without any fatty 
development, and a long throat mane in the male. Far back in the 
interior of Liberia I am informed tliat the Mandingo sheep are simi- 
lar to those of the Sudan, with fat tails and without the throat mane. 

It should hardly come within the liniits of the j^resent paper to 
discuss one of the most interesting problems in Africa — the origin 
of the Fula race. Personally I am still disposed toward the old 
theory that the Fulas were an early cross between the Libyans of 
North Africa and the negroes of Senegal, a cross in which the Cau- 
casian element predominated considerably. Tliey certainly offer 
marked resemblances, however, to the Ilamitic aristocracy of the 
Upper Nile and the lake regions. Their language is a complete 
puzzle. At present it can not be said to off'tu’ affinities of a marked 
kind to any groui) of negro speech, but it is emphatically a negro 
tongue (with a faint suggestion here and there of the Bantu family), 
and not in any way influenced Iw Hainitie. Libyan, or Semitic char- 
acteristics. .\s to the Idbyan affinities of Hatisa there can be no 
doubt, but nothing of the kind has as yc't been disceriusl in the struc- 
ture or vocabulary of the Fulfulde. It even seems to off'ei- less res(*m- 
blances in structure to the TIainitie language familv. for example, 
than can be discerned in the Bantu. 

Of all the peoples in Liberia affiliated with the Kru stock perhaps 
the most numerous group is that of the Kru. which occupies the coast 
of Liberia between the French frontier at the Kavalli River and the 
river Sestos. With the Kru I associate the Orebo, as the two iieojjles 
differ but little in language and scarcidy at all in physical tvpe. The 
Grebos are inclining strongly toward Uhristianity. but very few. if 
any, converts to that religion have l)een made among the Kru people 
proper who iidiabit the coast between Greenville and Garraway. 
Krus and Grebos together number something like ST.t.OOO. The next 
most im])ortant group of people, as regards numbers, are the INIan- 
dingos. of whom there are perhaps 300,000 within the limits of Libe- 
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ria. After them may be ranked the Kpwesi people, a general term 
for a congeries of tribes speaking dialects of a common language. 
These Kpwe'^i ( familiarly known by the Americo-Liheriaus as Pessi, 
or Pessa) may be as many as 2.50.000. In an appendix to this paper 
the rest of the tribes and their ap^rroximate numbers are enumerated. 

In the central parts of Liberia, within the limits of the forest, there 
is no doubt that cannibalism prevails. This is a very marked feature 
in the life of the Beila. or Bele. These people are said to relish most 
keenly the hands and feet, and this very dainty dish is usually set 
before a king or chief alone. Nowhere in Ijiberia have I noticed — nor 
has any e.xplorer encountered or reportedT— any race of negroes wholly 
naked, either among men or Women, such as arc so commonly met 
with in eastern Equatorial Africa, or until a few years ago in parts of 
South Central Africa. A certain degree of <-omplete nudity in un- 
married women was at one time (jiiite a common feature of the natives 
of the Niger delta, the Cross River, and the Kamerun. while on the 
upper Cross River comijlete nudity among the men was just beginning 
to disappear twenty years ago. Throughout Liberia no one has ever 
observed complete nudity among either men or women. Though 
there are a few rare exceptions to this rule, it may generally be ob- 
served that the marked feature of male nudity so characteristic of the 
Pl'pper Nile, the eastern ecjuatorial regions, and originally of the north 
end of Lake Nyassa and central Zamhezia, is never met witli in the for- 
ested regions of .Africa, except possibly here and tliere among the 
Pigmies. Throughout the Kongo basin and countries as completely 
savage as the innermost parts of Liberia, the men wear a minimum of 
clothing, which is a concession to ideas of decency, and which, when 
the race is quite out of touch with the trade of tlie outer world, is gen- 
erally a strip of bast (bark cloth) from a fig tret'. I have Uot ob- 
served any of the savages from the interior of luberia wearing dressed 
skins. I am told that so greedy are they after food that when any 
beast is killed the hide is roasted and eaten. On the other hand, the 
civilized ilandingos of the north have learned frojii the Fidas or from 
the Moors, or possibly from both, the most beautiful work in leather. 

Nowhere along the coast of Lil)eria is there a harbor in the sense 
of the bay at Sierra Leone. All the anchorages, in fact, are open 
roadsteads. But on the other hand, this is not a particularly danger- 
ous condition for ships, as the south wind never blows strongly 
enough to raise a big sea. while the north wind, coming from off the 
land, can only affect the Atlantic at some distance from the shoi-e. 
But of course this portless condition, adds very much to the discom- 
fort of dealings with Liberia. Although the swell from the choppy 
surface raised by the wind may not be sufficiently serious to affect big 
vessels lying at anchor, it is not at all nice for small boats or steam 
launches, and generally during the rainy season of the year transfer- 
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ence from the big steamer to the shore-going boat has to be effected 
by means of a crane and a cradle. Still more to be dreaded on some 
points on the coast is the landing or the going off' on account of the 
surf. Perhaps the best ajiproach to a sheltered harbor which exists 
is at the capital, Monrovia. Here there is a bar to a small river or 
creek which communicates with the St. Pauls Eiver. The bar is very 
seldom rough, being to a certain extent sheltered by a promontory, 
and once across the liar you can land quite comfortably on the beach 
in perfectly smooth water. But at places like Grand Basa. Sino. and 
Cape Palmas, the landing can be extremely dangerous and disagree- 
able. One seldom arrives at or departs from these places without, at 
any rate, a wetting from the rollers that break over the stern or bow 
of the boat. However, real accidents to persons or jiroperty are. it 
must be confessed, of rare (»ccurrence. and the whole (piestion dejiends 
very much on the good or ill will of the Kru boys who direct the 
sreenng. 

The Kavalli Eiver. though jirobably less in volume than the St. 
Pauls, is the most navigalile as a means of access to the interior, 
rufortunately there is a very bad bar at the mouth of the Kavalli or 
it would have played a very different jiart in the history of West 
Africa. Once across the bar. a steam launch or a rowing boat can 
ascend the river for about SO miles, when the first rapitls are reached. 
The u[) 2 )er Kavalli is imperfectly known, and. indeed, its extreme 
upper course is still a matter of conjecture. On the definition of its 
course depends to a great extent the laying down of the northeastern 
frontier of Liberia according to the French treaty of 1S02. 

The St. Pauls Eiver is only navigable as far as a jfface called 
Mliite Plains, about 20 miles from the mouth. There is no difficulty 
about the bar at the moutli of the St. Ikiuls. for this reason, that one 
can land with little or no risk at Monrovia : and once inside the 
Mesurado Ei\er (which is nieivly a creek), one can embark on a small 
river steamer, of which there ai-e two or three in existence, enter 
the 8t. Pauls Eiver by the Stockton Creek, and tluuice asctuul the 
St. PauL to the fir-^t rapids near th(‘ >ettlem(‘nt known as White 
Plains. All the lower part of the St. Pauls Eiver is [)n>tty thick with 
Americo-Liberian settlements, ^onie of tlnuii of a distinctly prosjjcroiis 
and j)r(‘posse>>ing ai)pearance. Several of the officials at Monrovia 
have country housi's on tin* baidcs of the St. Ihiids amid charming 
surroniidings. This gi-eat virtue may be attributed to tin* Americo- 
rdberiaiis. that they ct'rfainly know how to build houses, comelv in 
ajipcarancc. sanitary, and lasting, or as reasonably durable as one 
can ex])ect in a land of heat and moistuiH'. In fact, the leading char- 
acteristics of th(“ Americo-I.,iberians are their love of building and 
their remarkable politeness. 
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For some distance above its first rapids the St. Pauls River is 
scarcely navigable for canoes: but in the little-known region north of 
Dobli Zuln Island, it is said to be navigable for canoes up to its 
junction with the Tuma, which is also stated to be an important 
stream. 

Eastward of Monrovia, the Mesurado River or Creek reaches, as a 
liavigable piece of water, to ivithin a very shoi’t distance of the Junk 
Creek, which is a branch of the Dukwia River: so that, except for a 
little isthmus of sandy soil. Monrovia might be situated at the western 
extremity of a long island. IVith developments that might come later 
on, it would be very easy to cut a canal to join the Mesurado and the 
Junk rivers. This would then give access for vessels of light draft 
to the Dukwia and Farmington rivers. These streams deltouch at 
a settlement of some importance named Marshall : but the bar at 
itiarshall (mouth of the river Junk) is extremely bad and dangerous. 
As a matter of fact, with a very little expenditure of money Monrovia 
might be made a good port. 

The population of ^Monrovia, so far as Americo-Liberians and for- 
eigners are concerned, is about 2,000. It has a system of telephones 
which connects it with the settlements on the St. Pauls River. This 
has been set up and is well worked by a native Liberian. It is. per- 
haps, hardly necessary to remind you that Monrovia was named 
after the celebrated President of the United states. Monroe, who is 
resijonsible for that doctrine which inhibits any European nation 
from further conquests in the New 'World. The capital of Liberia is 
divided into two parts, the low and shoreward section being given 
over to large settlements of Kru boys ami indigenous negroes, while 
the upper part of the town is inhabited by Americo-Libeilans and 
European consuls, traders, etc. This civilized part of the town is 
comj)osed of broad, grass-grown streets, and substantial, well-built, 
comely looking houses, churches, offices, and public buildings. The 
smart appearance of the houses, in fact, is in somewhat striking con- 
trast to the neglected condition of the roads. These have never been 
made, and are simply the unleveled n)ck of more or less flat surface. 
Conse<iuently at the present time tlnw are absolutely unsuited to any 
vehicle, though 1 have seen an enterprising IJberian negotiate them 
with a bicycle. They are generally covered with a very short, close 
turf (T thickly growing plants, which is kept in the condition 
of turf by tin* constant nibbling of the pretty little cattle that 
frequent tin* streets of ilonrovia. A less agreeable feature are the 
pigs, which exist in great numbers and perfoi’in the office of scaven- 
gers. The apjx*arance of most of the houses is. as 1 have said, either 
very striking or comely both in form and color, and this api)earaiice 
is enhanced by the beautiful clumps of trees and the gardens which 
surround most of the houses. The Americo-Liberians seem to be 
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very fond of flowers, and have gardens full of roses, oleanders, alle- 
niandas, bougainvillia. and frangipani in constant bloom. There are 
numerous churches and a masonic hall. 

There is a good deal of civilization and comfort and signs of prog- 
gress at the settlements, which are grouped together under the gen- 
eral name of Grand Basa, and also at the Sino towns, the principal of 
which is named Greenville. But perhaps, on the whole, the most 
go-ahead and energetic assemblage of Americo-Liberians is to be 
found at Harper (Cape Palmas). Here there is a philosoiihical 
society, which is doing a good work in collecting and printing statis- 
tics about Liberia. But Harper, unfortunately for Europeans, is a 
good deal moi'e unhealthy than Monrovia. 

Compared with other parts of AVest Africa. I should say that 
Liberia is less unhealthy for the European than Sierra Leone, the 
Ivory coast, the Gold coast, or Lagos. But it is, perhaps, too soon to 
judge. It is noteworthy, however, that the remarkable absence of 
mosquitoes shoidd to a great extent coincide with a less marked jirev- 
alence of malarial fevers. 

From the European point of view, perhaps the most healthy part 
of Liberia is the northern half, and from all accounts it would be the 
Mandingo plateau that Europeans would prefer for their trading or 
mining settlements. 

The great undoulhed wealth of Liberia lies, as I have already 
pointed out. in its rubber, but the trade in this product is as I’et only 
in its, infancy. Another important article of export in the future 
will be timber. Piasava. which is a fiber derived from the rind of 
the fronds of a Raphia palm, figures to some extent in the exports, 
which also include colfee. a little cacao, ivory, copal, palm oil, palm 
kernels, ginger, camwood, and annatto. 


APl'E.XDIX I. 

PKOl’I.ES .^Nl) TKle.KS OF I.IBERIA. 

The following is ji summary of the principal .Vinerico-Liberian towns and 
settlements with their appro.ximate populations. The enumeration commences 
with Roberts Port, not far from the we.stern (ttierra Leone) frontier of Liberia, 
and proceeds northward, southward, and eastward to the French frontier along 
the Kavalli River: 
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Plate Vi. 



Study of the Forest on a Liberian River. 
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Amenco- 



Liberian 


population. 

County of Montserrado ; 


Roberts Port 

400 

Roj-esville 

50 

St. Pauls River settle- 

ments — 


Xew Georgia 

__ 200 

Virginia 

100 

Caldwell 

200 

Bi'ewerville 

__ 300 

Clay Ashland 

__ 400 

Louisiana 

100 

X’ew York 

__ .50 

White Plains ___ 

— .300 

Millsburg 

2.50 

Arthington 

300 

Careysburg 

— 4(X> 

Crozierville 

— KM) 

Bensonville 

150 

Robertsville 

1.50 

Harrisburg 

2.50 


3, 2.50 

Settlements on the Me- i 

surado River — 


Barnersville 


Gardenersville 


Johnsonville 

- - 2(Xl 

Paynesville 


Monrovia 

2, 500 

Junk River settle- 

ments — 


Schiefflin ami Pow- 

ellsville _ 

225 

Mount Olive 

1.50 

Marshall 

125 

Farmington River | 

a n d O w e n s ' 

Grove 

__ 300 ; 


SOO i 

County of Grand Basa : 

1 

Basa settlements — 

j 

Little Basa 

1 

Edina 

__ 2.50 

Hartford 

__ 50 

St. Johns River_ 

3.50 

Upper Buchanan 

400 

Lower Buchanan I 

(Basa) 

f»00 1 

Tobakoui 

5(1 j 


Americo- 

Liberian 

population. 

Coast between Grand 

Ba.sa and River Cestos loO 


On the River Cestos 50 

County of Siuo : 

Sino settlements — 

Sino River 50 

Lexington 100 

Greenville .350 

Philadelphia 125 

Georgia 125 

750 


Settlements on Kru 
coast — 

Xana Kru_- 
Setra Kru 

Xifu 150, 

Sas Town. 

Garawe 

County of Maryland : 

Settlements round (.'ape 
Palmas and on tlie 
lower Kavalli River — 

Ro<-k Town 100 

Harper !K)0 

Pliiiadelpliia 100 

Latrolie .50 

Cuttington 100 

Half Kavalli 50 

Hoffman 50 

Middlesex 50 

Jacksonville 75 

Bunker Hill 25 

Tubman Town 100 

New Georgia 25 

Hillierville 25 

1.650 

Auierico-Liberians scattered 
about Kelipo in far in- 
terior of Maryland 
County : in the Boixiro 
country, near the Sierra 
Leone frontier, and on 
the upper St. Pauls Riv- 


er, etc., say 150 

Total Liberians of Ameri- 
can origin 11. S.50 


1, 750 
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The approximate total coast population of “ civilized " Liberians ( mostly 
Christian, and of nuxed American and indigenous negro races) amounts to 
40.000, The “ Liberian " community, therefore, at the present time amounts to 
a population in the coast region of about -lO.OOO in numl)er. 

There are a good many other native villages and small isolated settlements 
or farms of Amerlco-Liherians which it would be tedious to enumerate bj' 
name. The ones and twos in such scattered settlements as these (such as Fish 
Town. Puduke. tVeabo, l’e(iuenino Ses. etc.) may be taken as a set-off against 
any possible exaggeration of numbers In connection with the more populous 
places. 

These Americo-Liberians at present constitute the governing caste of the 
country. In origin about two-thirds are from the T'nited States of America and 
one-third from the British West Indies. It is curious that in a general way 
the men who have come most to the front in the history of Liberia have been 
of British West Indian descent rather than emigrants or descendants of emi- 
grants from the T'nited States. They came, or their ancestors came, to Liberia 
rather to seek a profitable field for their enterprise than in .any attempt to flee 
from conditions of slavery or other kinds of unsatisfactory social environment. 
The Liberians of British lAest Indian origin have generally been removed one 
or even two generations from a conditioii of slavery. They are also for the 
most part better educated and remember more as to their actual African origin 
than is the case with tliose whose immediate ancestors have come from the 
United Stat's. For Instance, the present President of Liljeria. the lion. Arthur 
Barclay, kn iws that the negro stock from which he sprang came from the dis- 
trict of Poi: , now on the borderland of French and (lerman territory, in the 
western part of the Dahome coast. English is naturally tlie universal language 
used by the '-merico-Liberians. It is variously siMjkeu iiy them, those origi- 
nally of t'nited St.ites origin speaking it with a very strong “.Vniericau " accent, 
while the Liberians who have sprung from the British West Indies talk 
English — that is to say, educated persons do — with liut slight accent, and in 
the case of those who have received additional e<lucation in England, with no 
very oltvious .accent at all. A good deal of connection in sentiment is still ke[)t 
up with the United .‘itates, though perhaps there is an increasing tendency, so 
far as higher education is concerned, for the dispatcli of young I.iberians to 
study in England at such places as the Liverpool schocds and the African 
Training Institute of Uolwyn Bay. But several local educational institutes are 
generously maintained by American phil.-inthropists. The station of Arthing- 
ton. on the St. Pauls River, is nametl after the celeiirated philanthroj)ist of 
that name connected with Lwds ( Yorkshire i. who did so mucli to estaiilish the 
first missi(>nary steamers on the Kongo, ami whose name is very gratefully 
remembered in Liberia for the .-issist.-ince that he has given in educational work. 

The indigenous i)oiiuhition of Liberia, not of extraneous origin, may be esti- 
mated with some correctness at a total of about 2.1»!it,P(Mi. [In Vol. II, pp. 
,S.S4-0(il. of his l)ook on " Lilteria." Xew York, 1000, .Sir Harry .Tohnston gives 
additiomd information about the n;itive ra<-es. estimating the population at 
2.tiCMI.lKX).J 'They may be enumerated as follows: 
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Locality. 


('ouiity of Mesiirado * 

North of the Vai 

North of the Baiidi 

Beyond the Kisi people 

Beyond the Buzi, stretching over to the northwestern and 

northern parts of the Republic 

Behind the De people, along the Si. Pauls River at the back of 

Monrovia 

North and east of the Gora people 

Beyond the Kpwesi, to the uest and north, are the Buzi {al- 
ready mentioned) and the tnbe known as 

To the north of the Bere 

On the coast, beyond the I)e people of Monrovia, begins the 

big tribe of Basa people, and farther inland the 

PoLitli of the Bu'-a group, along the c*ouvt trom tl»c nonherii 

limits of Sino ('ounry to the Kavalli Ri\er. are tlie 

Behind the Kru (.‘oast are the 

Behind the Grebo, in the Kuvaili region (.Maryland County i... 

Approximate total ot indigenous negro ]>opuiarh)n of 
Liberia. 


Name of tribe Approximate 

.Nameottnot. numbers. 


Vai ICHbOOO 

De 10.000 

Baiidi 200, 000 

Risi 1X», 000 

Bu71 .'*0,000 

Mandingo -f :-5(.)0, 000 

{h.ra l.=H),000 

Kpwesii* 2.50,000 

Bere. * >r Bele ’H), 000 

Gizima and Buni 30, 000 

Basai-Tibie 200,000 

Kru tribesO 373,000 

I’util people <’ 150,000 

Kelipo 1.30,000 


2. 105, 000 


« Tt is probable that the total population of the various Mandingo tribes considerably 
exceeds this estimate, which is arrived at by putting together the computations of each 
separate branch as given to me by its representatives at Monrovia. The proper pronun- 
ciation of the well-known tribal name Mandingo appears to be ” Manding’a,” or 
" Mading’a.” They are a race that will play a very notable part in the development of 
West Africa. The whole of this tribe, which populates the liintjudand of Liberia, parrs 
of Sierra Leone, and the southern part of the l-Tvnch ** Sudan.” must number one or 
ttvo millions. Their language is harmonious in sound and simple and logical in con- 
struction. therefore easily acquired. Tbe.\ are Moliammediuis to a very great extent, 
only a few branches in the Liberian hinterland remaining pagan. In consequence they 
dress picturesquely and suitably, like the majority of Mohammedanized Africans in the 
Niger Basin and the northern Smian. with wide breeches, voluminous tohes, and fezes, 
or round >kullcaps. They are a tiue-!o«»kiiig race as regards physical development, and 
their physiognomy reveals the secret of their power, namely, the slight infusion of 
Caucasian blood. They arc. in fact, the result of an early intermingling of the Berber 
from the Sahara Desert with the negroes of the Niger 15asin. They are a very indus- 
trious people, with a remarkable feeling for art. which is at present contined to elaborate 
leatherwork and the shaping of picturesque garnienis. The principal divisions of the 
Mandingo race in the hinterland of Lilxu-ia — proceeding from west to east — are the fol- 
lowing : Boporo. Kwang'a, Mwela, and Dukwira. Their towns are nearly always sur- 
rounded by clay walls, the architecture of which, judging from such photographs as I 
have seen, is strongly reminiscent of the towns <jf Nigeria. 

‘’This is the race named on most maps in the iuc<frrect orthography “ I'essy.” It 
knows itself as tibele. liiit ff>r some reason is tailed by most of the surrounding tribes 
Kpwesi, which, on various grounds, is the most convenient name. A portion of the 
Kpvvesi race is known as the Ghwaliu. a name that appears incorrectly on our maps as 
*• Barline.” 

' Behind the Rasa and <Jibi peoples oiu* comes again tt* the great Kpwesi tribe. 

‘‘ The Kru tribes may be divaled up under the following designations, but all the peo- 
ple included under tlu'se names do not extend farther into the interior than about CD 
miles from the coast: 

Siiio people 75. ODD 

Sikong (beyond the Sino) 

Kru people proper ( including all isolated colonit*s of Kruiiien clsi'where in 

Liberia)- 14D. UOD 

(Jrebo people CD, oOd 

® The Putu people seem to include the following subdivisions or separate tribes : Tatiie, 
Nyapo, Pete, Tuo, and Gireo. 
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'rh(> Anii'ricci-LilH'riaiw of coiir^o are « 'liristians, ooionfliiii: entirely to various 
sections of tlie L’rotestant cluin-lies — Aiuilican. Metliodist Eiiiscopal, Metlio- 
ilist. Ilaiitist. I’resliyterian. etc. There is one estahlisinnent at Monrovia of the 
M'lute Fathers, a Uoiiian Catholic niission. nminly French ami Dutch in the 
natiou.ility of its iiiissiunaries. So far the fathers have iiiaile no converts, hut 
the ini^ — loll has only Just heen estahlishecl There is a mioil ileal of activity 
amuiiL'st the various iiiissionaiu societies ileiienilent on the I’rotestaiit churclu's 
reiireseiiteil in lalieria, ami this is lartjely fiuanccil from the Fniteil States of 
.'iiiiei'ica The work is carrici! on almost invariably by missionaries havini: 
some ]iro))ortion. harm' or small, ot .\lricaii blood in their veins. A yood deal 
of their work is educational, and has certainly broui.:lit solid advaiitaires to 
the coast iicLtroes of Liberia. Itutsidc the nerrroes of .Vmerican oriitin there are 
not many converts to ( 'hristiauit.v. Such as tliiu’e are come from the Krti 
lieoiiU's and the (Irebo iirincipahty. I'crha|)s of all the native races the (Irebo 
IS the most Christianized and lavilized. The Vai. some of the Cora, and nearly 
all the Maiidimxo iieojiles are Mohaniiucdan — not fanatically, but very Genuinely 
as reir.irds adlierciice to .Mobammcd.in |irecc]it'. Tbe sin'ead of Mohammedan- 
ism ill the western and northern districts of Liberi.i has been of immense bene- 
tit to the (ouiitry, dfminishiim the tr.dlic in .ilcohol .iiid i heckim: drunkenness, 
whii li elsewhere in I.ilieri.i is so coninion anioui; the iieLtroes — a drunkeiini'ss 
induced just as often by the n.itive forms of .ilcohol i palm wini'. etc. i as by the 
consuni[ition of Fiiropean spirits. 

.\.f the jiri'sent tim»' the ports of entry into the Liberian Ueimblie at which 
foreiitncrs may settle ami rr.ide are the lollowiiirr irtintiini; from wt'st to east ) ; 
Roberts Fort. .Monroxia. Marshall. Cratid liasa. Ilrand Ses (Cesst. ( Irt'enville. 
.\ana Kru. Cape I'almas. and K.iv.dli. Foreiitners also are allowetl to trade 
within a zotie of miles .doin: all the inland frontiers of l.iberia. It is. 1 
believe, the intention of the Lilx’rian executive to add to these reeoenized 
jiorts of entry |ilaces in the ititmaor and oti the coast as soon as commntiica- 
tion has been opened up atid the Liberian Covernment is in a position to niain- 
t.iin law ;ind oriler at these places. 
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(tEOCtKAPIIICAL results of the TIBET MISSION.' 


By I'kamv Yol .N(imMJAMi. K. t I. K, 


Though I shall lell to-nigrht of a joiiriicv to the "Forbidden City," 
there is. I fear, little, strictly speaking, new that I shall have to say. 
My companions aiul myself were, indeed, the first Europeans to enter 
La'.sa for many yeais.. Still, we can not claim credit for having been 
the first of all. ami all I can do is to corroborate and emphasize the 
work of forinci' trawder--. and e'-pi'cially of those hardy Indian ex- 
[)lorers A-K. Sarat C’handra Das. ami others, who had made such 
careful sui'veys and interesting notes that some at least of our ob- 
stat'les were removed. 

Smdi corroboration is. however, very necessary, for an impression 
had of ri'ceiit years grown ii]) in Europe that Tilnu was a wretched. 
])oor. inhospitable country: and this is not what those' h'w travelers. 
Enropt'an and Indian, \\ho had be'en to Lhasa bt'fort' had described, 
nor is it actually the lame. 'Ihe northern ])art e)f Tibet, which is all 
that recent Enrope'an tias'clers have seen, is inth'cd barren, unculti- 
vated. and worthless, and this forms (piite two-thirds of the whole. 
But 'libe't is a large country — as large as the ju'ovinces of Bombay. 
IMadras. and the Punjab put together, and there is a third part still 
remaining Avhich is remarkably well cultivated, which is dotted over 
with tbri\ing villages and the well-built and comfortable residences 
of the Tibet gentry. Taking it as a whole, then, and excluding tlu' 
worthless desert portion, Tibet is prol)ably fully as rich as Kashmir 
or Xepal. ddie valleys in which Lassa, (ivantsi'. and Shigatse are 
situated, and the valley of the Brahmai)utra, are neither barren 
plateaus nor yet narrow V-shaped gorges. They are flat vallevs 
from 4 or .‘i to as much as 10 miles l)road. covered with good soil. Avell 
irrigated, and richly cultivated. This is the most imjtortant geo- 
graphical fac't which, though mentioned casually by former travelers, 
we are able to n'establish and confirm. 

And with this fact clearly impressed upon your' minds, let me now 
ask you to follow iu the footsteps of the Tibet ndssion in its journey 

« Bead at the Itoyal (iei>};r.aiiliical Society, l-'obriiary Kt. Beprinted. hy 

jienidssion froiii The Ceojtranhieal .roiinud. Boiidoii. Vol. XXV. Xo. .1. May. 
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frciiu Iinliii to La'-u. AVe uiifortiniaH'ly had to take our bodies tliere, 
and for the human liody 'Jhbet and Sikkim, through whieh ive had to 
|ias-. on the way into Tibet, are at certain seasons anything but 
attractive. You. howeviu'. need go there in mind only, and for the 
mind T do not know, in the whole realm of nature, any greater glories 
than Sikkim and Tibet afl'ord. At the very outlet of our tra\ els was 
the --ight which in all the world I conAder the suiireiiK' — the \dew of 
Kinchenjunga from Darjiling, de-'crilied liy many travelers bc'fore. 
hut by none bcTtiu' than by Air. Donghm Fi'c'^htield in hi' rt'ceiit book 
on this ri'gion. AA’e had them to pas' through as 'iijierb tropical for- 
I'ts as are anywhere to be met with, and emerging onto tile high 
Tibetan tableland it was onr good fortune to live- for a month in full 
view of the magnilieent panorama of b'a) miles of the higlie~t peaks in 
tilt* Himalayas, with the loftie.~t mountaiu in the world as the culmi- 
nating ohji'ct. Lastly, we had et’er before iis in the dim mystc'rinus 
distauci' the .'sacrecl City, of which little was Icnown.and '‘ntranc(> to 
which was barred by ev(>ry ol»stacl(> which man and natiin' could 
raise : and while my military compainoiis had constantly to think of 
how bc't to o\'erconn‘ the rc'sisfance we might encounter, we of tin* 
political service had continually witli iw tlu' earnest dc-sire and the 
ambition to lessen by all our powers of reasoning and persuasion the 
military rc‘si-taiice. and abo\e all 'o to impress tlie people who were 
now first making our acipiaintance. that on onr dejiarture their dispo- 
sition toward Us shouhl be om‘ of friendliness rather than hostility, 
and that they should no longer look upon ig as people to be roughly 
and rigidly e.\(;luded. but on the contrary rcsjtectecl and welcomed. 

Ydiat more inspiring task could any men ht' intrusted with? .Vnd 
while this is not the* place to speak of the military and ])olitical work 
of the mission. I may at least say that onr objects were attained, and I 
may e.xpress my firm conviction that from this time onward all Luro- 
])eau travelers will he the gainers for what tin* llritish mission to Lassa 
did in lUG-h One only evil geographical result I forcseie This soci- 
ety will have one less destinalitni for the adventurous e.xplorers of 
(ireat Britain, and the Svim Iledins of the future, like a fast-expiring 
race, will be driven back and Itack till they tinally vanish from the 
wtrth amid the arctic 'Iioavs. But for this misfortune not we only are 
to blame, but aLo and chiefly one of your own gold medalists, the 
great A iceroy (d’ India, to whose initiative the whole enterprise was 
due and wdthout ivhose constant support it could scarcelv have been 
brought to a conclusion so disastrous for future exjilorers. 

Dill' start Irom Darjiling in June. IIM):’). was miseralile enough, 
llii' monsoon was just bursting, the rain was i-oming down in cata- 
racts. ami all was shrouded in the diuisest mist. I'ew knew of the 
enterprise upon which I w as embarking, but a lilth' knot of strangers 
\-ho had a'.'embled in the porch of the hotel had got an inkling and 
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shouted " Good hick 1 " as I rode off. covered with waterproofs, into 
the mist to join my compaiiioiis. iSIr. White and Captain O'Connor, 
in Sikkim. And dete-tahle thoiieii the rain was. there was --till a 
large snrjihis of joy in riding through those wonderful Sikkim forests, 
day after day seeing fi'e^h marvels of fore-'t growth or tli'werv 
heauty. The mountain sides were everywhere a wealth of tropical 
vegetation, rich and lu.vurianl. And here under the 'hade of the 
mighty giant' of tin' forest grew the stately tree ferns, often 10 or .lO 
feet in height, with frond' U) or hi feet long. .\11 were in height 
fresh foliage, and bc'ide' ferns of every graceful form and of the 
subtlest delicacy of tracery were variegated colored plants, like cal- 
ladiiinis. and clo'ely connecting all together and fe'tooiii'd from 
trei' to tree were creeper' of evi'ry size, from the great elephant 
creeper, whose leai’cs ri'senibled elephant's ear', to light trailing 
vinelike tendrils lightly strung from bough to hough: while here 
and there, as some' bright siirpri'c. the (we wouhl light iipiai thi' most 
[lerfect orchid, or other flowery marvel, which brought oiii' to a halt 
in an ecstayv of enjoyment. Xor dioidd I omit to mention the bril- 
liant butterflii" glititing i»a't on every 'ide. Seveiiteiai ditl'erent 
kinds did 1 count in the 'jiai'c of liOO yards in the Tec'ta ^"alley: 
and ill few other jihicc' in the world are to be found such a variety 
of rare biitterllies. so many dilfcreiit orchid', and 'Uch a wealth of 
tret's and flowers as in Sikkim. Then' are. I beliiwe. owr tiOO dif- 
ft'rent orchids alone to be found hen* and over (U) separate kind' of 
rhododendron. 

Fain wottld I dwell longer on the attractions of thi' wonderful 
cotintry. but it is with Tibet itself that we are chielly concerned 
to-night, and thither T mii't without delay transport you. Just cross 
one jat's and all is clianged. On the far side of the Kongra-lama 
Pass not a tree is to be seen. If in 'onic secluded nook a plant a foot 
high is met with, it i' a curiosity. In place of the d(‘ep-cut valleys of 
Sikkim there ai'i' great plains 10 or Ik miles wide. The 'kv i' cloud- 
less. and the \ iew extendeil over many and many a mile. Here at 
Khamba Jong Mr. White had laid out a camp, and here we spent 
many didightful month', doing our b(‘'t to bring to rea'on a people 
tiearly as ob'tinate as ourselvi's. and betweim whiles making roving 
expeditious to distant valleys — geological iinestigations with iMr. 
IIay<len. of the geological survey: botanical trijj' with Doctor Drain, 
of the Botanical Gardens in C'alciitta : natural hi'tory exjx'ditions 
with Captain 'Walton. 1. iM. .S. ; every day and iwt'ry hour enjoving 
the charming summer climate, and. above all. the uni'ivaled panorama 
of tli(‘ mighty Himalayas at the \'erv culminating ])()int of their 
grandeur, wdierc' all the loftic't ])eaks in the world were' iiia jc't icall v 
arrayc'd befoi'e us. Captain Kyder, known to you for hi' journev in 
China, surveyed and measured all this wonderful region, and will. 
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T- trii't. lict'orc Idiii:' u'ivo you full particuhir-' of liis ^urvev':. Rut 
who will (‘vrr l)t* al>l(‘ to iuie(|U!itoly ile'cribe iho fa^^eiiuition of that 
liloi'ioii^ rauii(‘ of m<miitaiii> ^ From '-iiiirRe to ^ullset the Jays were 
a e(iutiiuial (leli”ht. A" I looked out of my tent in the early niorn- 
iiie. while all below wa-^ '•tdl wrapped in a steely aray. far away in 
the di'taiice th(‘ Hr-^t "treak' of dawn would be pist e-ildine the 'iiowy 
Miiiimit- of M omit Evere-'t. pomed hie'li in hea\eii a-- the -potle'-;^ pin- 
iiaele of the worhl. Ity decree' the whole areat 'iiowy ranoe would 
be tlhiininateil and --hine out in dazzlina. uimullied whitene^'. d'hen 
ihrouah all the day it would be liathed in ever-varyina hue'- of blue 
and })ur[)le till the --('ttina’ >'ni clothed all in a final intiumity of alory. 
and hd't one huiie'erina for daylieht to appear ayaiii. 

And all wa- rendered doubly iiit(‘re'-tina from the history of its 
e'eoloaieal pa't. which IMr. Hayden wa-' able to de-cribe to me. lie 
wa- iiideeil enra[itured with the di'-trii-t from tlii* aeoloaical -tand- 
noiiit. and a bed of fo>'il oN^ter- hi' diM'oN'erecl then' had more fas- 
cination for him than La-'U itM'lf. He wa'^ able, from the o\>ters. 
to accuraleb’ di'ti'rinine the a^e of the hill- in thi^ ])art of I ibet. 
.Vccordine- to him they wen' ■’recent ” — that i- to ^ay. not mori' than 
two or three million year- old, and the main axi- of the Himalayas 
wa- thoroughly modern, perhap- not more than a fi'w himdri'd- of 
thon-and- of xear- old. In what to ifeoloed-t'^ are really ancient 
time- d’ibei wa- behn\' a -ea which wa-hed around the ba-e of tlu' 
Hiniala\a — a mighty "ranite riclee which i- con-tantl_\ beine- pi-o- 
truded upward from the interior of the I'arth and ('Y('r bt'inir worn 
tiway by the -nowfall on it- -iimmit. Nb'vi'r hav(' I been abh' to -ei' 
nature at t\orh on -uch a miirhly -cale a- here, and when the -cieii- 
tiilc re-nlt- of Hr. Hayden'- work in thi- ri'c-ion hace been thor- 
olichb in\ ('-tic'ated I feel -urt' tln'V will [)rove of the hiiiiie-t interest 
and value. 

The nd"ion remained at Khamba .Ion"' from Jidy 7 to December Ci. 
but lone befori' the latter dtite we bad di-i'overed that oiir political 
object- woidd nex’er be obtaineil until we advanced farthi'r into tlu' 
(ountry. .V ino\e on to (>yant-e wa- aci-ordine'ly ordered, and. a- a 
con-iderable body of troop- under the command of (ii'iu'ral H acdon- 
ahl wa- to e-co|-t the mi— ion, the line of advance wa- cbaimed onto 
the ('limnbi i-outi'. 

ll'inter wa- now' on ii-. and the dillicnltie- which (leiK'ral Hacdon- 
ahl and hi- troop- had to contend with can hardly be n-alized in 
I'-ueland. Rut not evi'n the riiror- of -t 'I’ibetan winter W('re abh' to 
-top th(‘ ailvancc of the little loi'ce of Rriti-h and Indian troop-. 

h.arly m Deci'inber we cm — ed the Jelap la and di'-i-ended into the 
( hmnbi 7 alley. At ^ at uni;', the trade mart e-t abli-hed under the old 
t oi ! \ cut lot 1 . a ^\:^il had -ome ye;ii'- ae<> Im'cu erected to exclude our 
tiiidc. and be\ond thi- our tradt'r- had -o far lu'Vi'r been allowt'd to 
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pa>'. A" \v(‘ (lt'i)oiicli(><l oil a lii'iolit fro'tv iiioniiiii;' iVoiii llic pine 
torc'-t ill which wc hail ciicaiiipcd for tlic iiio-hi, wc --aw ihi'' wall Imilt 
right acro'-' the road and high up the iiioiiiitaiii '-idc on either hand. 
Whether we -lionld ha\e to light oiir way through or whether the 
Tilietan g'enei'al would re'-jiond to tin' argiiiiient< 1 had ii-ed the pre- 
^’ioil' day and gracefully allow ti^ through had yiT to he pro\ed. and 
(leiieral .Macdonald ii-ed every tnililary [irecaiit ion. Thit to our re- 
lief we >aw the great door in the tower --tauding open, and we were 
Mioti pU'-'ing [leaceahly through the gate of 'l ihet. mwer. I ho))e. to 
he clo-ed agaiii-t u- again. 

M'e till'll enierged on to the tiiaiti ('hiiinhl \'alley. which, though 
not wide and open likt> the valley- we afterward- -aw in Tihel proper, 
is decidedlv le-- steep and narrow than the Sikkim \hilley. llotli in 
the \ alley hoitoin and on the hill-ide- there wa- I'ooin enough for 
coilifortahle x’diages and cultivated field-. 'I'lie [leople were \ery 
well to do. and. what wa- more -ati>factory front our point of view, 
di'cidedly well di-posed. i'hey .-oon -liowed theiii-el xe- to he keen 
iradi'f-. and niii-t haw' made large fortune- out of ti- during la-t year. 
They are not true d'ihetan-. hut are called 'I'oiiio-. Xor i- their val- 
ley. whieh i- on the Indian -ide of the water-hed. coii-tdered a part 
of d'ihet proper, which i- looked upon a- extending only a- far a- tlii' 
nioiilh- of -teep gorge- we a few da\- later pa— ed ihi'ough in the up- 
per part of the \alle\. The rainfall i-oiily ahoiil half that of I)ar- 
jiling. and the climate in general mueh -uperior. 

The mi— ion remained three week'- in Lower (,’huinhi. while mili- 
tary prt'paratioii- for a further aiU auce were heiiig made, and then in 
the vi'i'V de[)tli of winter, on Jaimary we ero— ed the Tang-la. 
l.“i.20() feet high, on the Tihetan plateau again. Ne\er -hall I forget 
that day. Ive\eille -ounded at the hr-t -treak of dawn, and a- I 
looked out of my tent the rery -pirit of fro~t -eemed to have -ettled 
on the -ceiie. d'he star- were -hooting out -harp, elean rav- from the 
clear -teely -ky. Tiehind the great rugged peak of (,'hiniialhari the 
lil'st heam- of dawn were -howing out. hut with no force yet to cheer 
or warm, and only siiHicieiit light to make the eold more apparent. 
Ihlcket- of water wei'e. of i-our-e. frozen -olid. I he remain- of last 
night - diiniei' 'vere a hard, -olid uia— . The poor Sikh- were jii-t 
crawling out of their tent-, -o -hriteled with the cold it looked a- 
thoiigh if they -hrl\'eled mueh more there would he nothing left of 
them. I he iherniometer -tooil at 1^ helow zero, or jii-t .“>(> of fro-t. 
and though thi- i- not cou-ideri'd miu'li in Canada and Siheria. and 
I dare -ay tho-e who have jii-t returned from the .Vntarctic would 
coii-ider it pli'ii-antly warm. T -hould remind you that .fd of fro-t 
at a height of l.'i.tKH) feet ahove -ea le\i>l i- a \ery dillereiit thing from 
."id of Iro-t on the -ea le\el. At l.'i.linO feet where the ell'ort of 
hrealhing is a eoiitiiuial drain iipuii one'- -trength. the mere weight 
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of tli(‘ hcai-y one liu^ to ivear in eold ivoather is a sufficient 

-train in itself. Any additional elfort exliaU't^ one imnuHliately. 
.Vnd if it ti'ie^ in Enropeam. ivho are more or lo'^ iiinri'd to cold, 
how much more di'-tre^sing' must it he to the natives of India, and 
that they were able to march I.') mile-^ a(TO'< the pa<s that day and 
^pend th(' re-t of the winter. a< they had to. immediately on the other 
side, at a height of hut little under h'l.OIK) feet. i-. I think, a ^trikine- 
te--tiniony to their ])ow(>r' of eiiduran<-e and tlu' hinh spirit which 
jjrevaiE amoni;' them, (’olonel Iloji-n'c' and the Twenty-third Pio- 
neers mo'-t willingly faced tin-- ordeal, and by thi> act of endurance 
proved once and for all to the Tilietans that their country \\a< no 
loniier inacccbj-ihle to in. even in the depth of wintei'. 

IltT'e at Tuna more fruitkns ].)arley with the Tibetain einued. 
They paid one or two visits to me. and once 1 rode ot er vith Cai'itaiin 
O'C’onnor and Sawyer to see them arnid tluhr own -nrroundinirs. to 
<raug(' their caiiacity. and to e-timate tiie strength and direction of 
the various influences at work amonii them. It became 'ufficiently 
evident to in that the real control of atlairs was in the hands of the 
Lassa lamas, three of whom — one from each of the thri'c e-reat mon- 
asteries at Lassa — were present on the occasion, d'he four "'enerals 
whom we then met were amialile and polite eiiotigh. 'I'liey ri-peated 
by rote thi‘ formula. " (to bai'k to the frontier." Put the im[)etns to 
olntruet came from the three lamas, who. with seowL on their faces, 
remained seatei.l on the e-round, showine- not the 'liehte-t 'i.ifiis of 
civility or ordinary jioliteiie". and iintiiraiino- the eeneral- to detain 
in in the Tibetan camp till we would name a delinile date for with- 
drawal. When I think of their rabid fanatical olntruction on that 
occasion and compare it with the almost cordial reception we sulne- 
riuently had in all the pi-eat monasteries and in the most sacred shrines 
liefore we left lansa. I can not help feelini;' that we went a lone- w'ay 
toward breakiiye; doivn that liai-rier id' exclusion which, set np by the 
lamas for their own s,hHsh (‘inls. Inn Iteiit away from in a peoph' 
who. when left to thennelvi's. showed ex'ery inclination to be on 
friendly terms with m and indulei' their natural iintinct for trading. 

But jiarleyine- with the Tibetans oeeii])ied only an iinie-nitii-ant part 
i.f my time at Tuna, and I had ample leisure to enjoy the mae-nificent 
natural s<-enerv anaind in. Immediately liefoi-e in was an almost 
level and perfectly smooth travel plain, which e-a\e a seine of space 
and freedom, and on the far side of the plain. 10 or 1-2 niih's distant. 
I'osc the superb ranu'e of mountains which fornn the main axis of the 
Hiinal ayas and the boundary between Tibet and Ijliiitan. Thev were 
an un(-ea~in<r joy to me. and the sitrht of them alone was ample reward 
lor all the hardshi]n w'e hail to endure. The sitn xvould strike our 
tents at about i in the morninir. 'I'he sky would oenerallv then 
be cloudless save for a long soft wisp of gauze-like haze, and perhaps 
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;v few delicate streaks of pink or golden cloud poised motionless on 
he horizon. And the great ■'iiowv mountains, in the early morning 
when I Used to go out and watch them, instead of lieing sharp, clear, 
and cold, would be veiled in that blue. hazy, dreamy indistinctness 
which makes the viv'w of Kinchenjunga from Darjiling so marvel- 
ously beautiful and the hard stern mountains as ethereal as fairy- 
land. The l)ar(' brown of the lia^e of the mountains was toned down 
into ex(iuisite shades of ])Uiple and pink, while the white of the 
snowy suimnits shadt'd -oftly into the cerulean of the sky above. On 
the plain, [ilump little larks and finches would be scurrying about in 
search of food, Xow and then a little vole would be seen basking in 
the sun at the mouth of his hole. And over all there reigned a sense 
of i)eace and ([iiiet which made it hard to believe that only 10 miles 
off fiv(‘ of the higlu'st lamas in Tibt't were solemnly cursing us and 
l)ubli'.hing to the people rcuind threats of attack upon our camp. 

Xor was every day. nor the whole of each day, of this same peace- 
ful nattire. Almost invariably at 10 or 11 a terrific wind would 
arise and blow with fury for the rest of the day. iMighty masses 
of cloud would come sweei)ing up from the direction of India. Snow 
would sometimes fall, and then for two or throe days together we 
wotdd be the sport of a terrific blizzard. The mountains would be 
hidden and nothing would b(‘ visible but dull masses of fii.u'cely driven 
snow, as tine and dry as dust and penetrating everywhere. For days 
together the thermometer would not ri.se above I.")- even in the middle 
of the day. (fur camp would be the very picture of desolation. It 
seemed impossible that the poor sentries at night would ever be able 
to stand against the howling storm and the penetrating snow or 
that our soldiers would ever be able to resist an attack from the 
Tibetans under such ti'rritic circumstances. 

Then one morning we would find the snow clouds had passed away 
from over Us and see the gre.it peak Chumalhari emerging calm, 
stronif. and irresistible from out of the mass of cloud still tossing 
wildly round its Iwse. Below all seemeil chaos. It was diflicult to 
stand against the driving wind: the dust and the powdery snow 
were still battling furiously around one and around the base of the 
mountain, and the birds were driven hither and thither. But tow- 
ering abovi' all the tumult lielow. serene and majestic, and looking 
prouder, loftier, and purer than ever, ro^e the great peak, reverenced 
even by the unimaginative Tibetans, and above it lav the calm blue 
sky. illimitable in its restfulness and light — a sky of bright and 
litpiid azure, through which one seemed able to pierce right into 
heaven itself. 

Throughout January. February, and March the bitter winds con- 
nnued, often accompanied by snow in blinding blizzards, through 
which the convoys and their e.scort had to force their way with per- 
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ha])' ev(‘U ^I’caUT >iiihT'iiii>> than fell to ii~. But cTaclnally. a< 
Meik hy M et‘k Avriil hy. llie toiinxT’atiire ro'i‘. TIk' military pre])ara- 
lioii' in ii'ar mti'c coniplctiMl hy (Iriieral ^lachonahl. and earl\' in 
April M)' niarclual doMui to (yvantM'. Of tlir military incident' on 
The May I will 'uy nolhino. It Tvas the de('j)e't di'ap[)ointment to 
me that fiehtiiio' 'hould have heeii nece'>itated. and tlie Til)etan 
e-enerah wer(‘ U' little anxious for it as I was. hut they had impos'ihle 
onlei-' from Las-a — ord *r' not to fi<rht. not to negotiate, and not to 
let U' jiroi-eed. Bnlt‘". therefoi’e. Tve wau'e ])i’('])ai')‘d to ai)andon tile 
whole ohject of the ini' ion. iiohtini!; was inevitahli'. 

Arrived at (lyant'e on April 11. \\e found a ilat ojien \allev .') or 
(■' mile' vide, dotted all o\er with floiiri'hini!: hamlets and intersected 
hy numerous watcu' channel'. Rouiul each hamlet, aloiiy the wati'r 
channel', and hy the hed of the rix'cr were willow and })o])lar trei’s 
jii't 'howino 'i”!!' of liur'liiiif into foliage. 'I'lie hank' were co\ere;l 
with ma'ses of iri' jilants. which later on weic to llower out into 
sheet' of purjile. The piercinir cold of the 'riina iijiland' wa- left 
hehind. 'hhere was only a 'liirht touch of fro't at infill, while the 
daV' were heautifiilly tine and hriitht ; and we wei’e lookino' forwai'il 
to a re'tful 'iiinmer of peacid'iil ne”'otiation. when 'uddenly ominous 
cloud' heean to collect around m. and early on the moi'ninii' of iMav 
5 W'O Were awoke hy -wild 'houts and lirinu'. and. looking out of our 
tents, we 'UW 'I'ilictan' Hrin<>' into if tliroiiuli a wall only 10 yard' otf. 
flow .Major .Murray and hi' oin-hl,;,.. wnrded otf the attack: how 
Colonel Brander detended the jio't for neai'lx’ two months amiiii't 
the Tihetans. who had now iinc'ted if. and how (ieiieral IMacdonald 
eventually returned with a relievin”- fon-c. drove hack the Tihetans. 
and ca])tureil the jono. ha' iieeii told cBewhere. ( ieographicallv. the 
imjiortant jioint i' that the ivfiFal of tin' Tihetans to neifotiate at 
(iyant'C nece"itatedd our ad\ance to La"a. On Julv Id we set out. 
much imjieded h\ heaT v rain, and 'oon 'ct a'ide the delii'ion that 
J ihet i' a rainlc" country. Bell on till Se])temher we had freifuent 
rains, and the 'ize of the i ivi'f' and 'ide 'treani' wa' ijuite 'ufficieiit 
(“iidi'iice that till' part of d’lhet receit'es — jirohidilv u]) the Brah- 
ma[)Utra f'alley — a (jiiite coii'iderahle rainfall, 'av hetweeii liO and .'iO 
inchc'. at a rouo'h ones'. 

We cro"ed the ea'V Karo-la Bas'. alumt lit.OOo feet, 'where Colonel 
llrander had fought hi' <rallant little action earlv in iMay. and the 
next day dehoiiched on to the mo't lovelv lake I have e\’eT' seen — the 
d amdok I'o. In 'hape it was like a ronuh rino. 'urroundinij what 
is jiract ically an i'land: and in color it varied to verv shaih' of 
violet and turpuoi'c hliie and _i;reen. .Vt time' it would he the 
hliie of heaven, ri'llectino the inteiFe 'I'lhetan 'ky. Then, a' some 
clouil pa"ed over it. or ;f. marchine- alone-, we hi'hehl it at some 
dillerenl anele. it would flash hack ravs of the deep e-reeiiv hlue of 
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a turqnoi'-e. Anon it tvould Aiow out in varioiw ^hade^ of richest 
violet. < )ften, wlieii overhead all wa^ l)lack with heavy rain eloude, 
we would <ee a -treak of brilliant liii'ht and eiikir lla-'liiii”' from the 
far horizon of the lake: while laeyoud it and beyond tin- bordering 
iiionntaiii'-, each receding range of which wa^ of one more beautiful 
bhade of purple than tin' laM. roce once more the mighty a.xial range 
of the Himalaya'^, at that great di'-taucc not har'h in their whitey 
coldne-^'-. but boftly tinted with a delicate Idue. and shading away into 
tlu' exi|inbite azun* of the >ky. What caU'cd the marvcdoub coloring 
of this lake, which e\en the Tibeiati'- call the tur([Uoi'(' lake, we could 
none of us '.ay. Pi'rhap-. it wa^ it' depth, jierhap' it was it~ >aline 
charactei'. or sonu' chemical compom'nt (d' it' water. Hut whatever 
the main cau'i>. one cause at least mU't hax’e been the inteii'ity of 
chairnes' in tlu' lii|uid d'ibetan 'ky. 'O deep and 'o traii'liicent that 
even the 'ky of ( h'eece aiel Italy would look ])ale and thick la'-idc it. 

For three days marchetl along the 'horc' id' thi' beautiful lake, 
ami thim w(> U'Cended our hist pa — and looked down onto tlu> Hrah- 
inaputra Kiver and almo't upon Tai"a iti-elf. Tint tlu‘ 'acred city 
wa' 'till left hid. iMa"e' of mountain' in range after range were all 
we could see in that direction, and (ieneral .Macdonahl had 'till the 
\'ery 'erioii' olwtade of the 1 Irahtuaputra Ki\er. now in ahuo't its 
full Hood, to oNTU'eome Ixd'ore we could reach our goal. The Ilrah- 
niajuitra we found to be di\ idl'd into nnmerou' channel', but we 
were able to cro" it at a 'pot where it narrowed to g(M) yard', 
though not without the lo's Iw drowning of the one olHcer to whom, 
of all other' in the force, our 'Ucee" in reaching La"a WU' due — 
Maj. (7. H. ISretherton. the chief 'Up|ily and tran'])ort olllcer. The 
river rU'hed in whirling vorlice' pa't a dill, from which Captain 
She})intrd. IT E.. 'U'pended a wire rope to the oppo'ite side and 
u[)ou it rigged u[) a Hying ferry. 'I'he river valley wa' from to 
ndlc' wide. and. like the (lyant'e Valley, richly cultivated with wheat 
and barley, dotted over with hamlet', monasteric'. welhliuilt and 
comfortable residence' of the great men of the counlrv. and with 
jth'asaut grow' of jioplar. walnut, and e\eu a few peach and apricot 
tree'. The 'ide valleys were aFo well cultivated, and the hill'idc'. 
though bare of tree', were covered with gra". which 'hould alTord 
excellent pa'turage for many more dieep and goat' than we actuallv 
saw' there. Tt WU' altogether a 'luiling pro-pect. and doulU' U' to 
the po'sibility td' being able to 'n])|dy our troop' with the ne<-e"aries 
of life, for the year round if required, were at once removed. 

I was no^v met by a ^'arn'ty oi ileputatiou'. each one of lucrea'ing 
weight and importance, and each more urgent than the ht't in beg- 
ging me not to proceed to La-'U. The Dalai Lama himself even 
wrote to me. an act of unjjrecedeiited conde'ceii'iou on hi' part, and 
he sent his high chamberlain to say that if we went to laissa hi' 
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I'elip'ion wonld Ik' -spoilt and lio would die. I had to inform him. in 
reply, of the ihdieate and painful por-ition in which I was placed, 
for if. on the oiu' hand. I went on to La»a I understood that his 
lioline-', would die. while if 1 stayed where I was I would myself 
die. a'- I would undouhtedly have my hea<l cut olf if I failed to obey 
the orders I had received and ne<rotiate the treaty in Lassa itself. 
Uehictant a> I wa-- to cause the ju'cinature dend^e of the Dalai Lama. 
I felt 1 had no alternative. I informed the hiefi chamberlain, hut to 
proce(><l to Las'-a. 

Expectation was now at it-- height. Each corner we turned we felt 
sure we should "ce laissa. We hastened to the top of one rise after 
another in the hoijc- of catching the first glimpse. The advance 
patrol- of mounted infantry, on their return, were eagerly (piestioned. 
At length, on Aiigu-t 2. we rounded our last corner and saw the 
golden roof- of tlu' Potala of Las-a glittering in the di-tance, and on 
tin* following day encaiipieil beneath it- wall-. 

Here in a lo\ely vall(*y cowred with tree-, rich with cultivation, 
and watered by a river a- broad a- the 4'hame- at AVi'st minster, here 
hidden away by range after range <d“ snowy mountains, lay the mys- 
teriou- Forbidden City which no living Etiropean had seen before. 
To many who had suppo-i*d. because it wa- s(, -echided. it must be a 
kind of dreatnlatid city, it was. T dare say. disappointing, for it was, 
aft(‘r all. built by men. atid not by fairie-. Its streets were not paved 
with gold, nor were it- door- of pearls. Tin* streets were, indeed, hor- 
ribly muddy, and the inhabitants less like fairies than any I have so 
far seen. 

Hut the Potala. the palace <if the Grand Lama, was an imposing, 
mas-ive -tructure. very soli<lly built of masonry, and picturesquely 
perclu'd on a rocky eminence dominating the whole plain and the city 
at it- ba-e. .Xiimber- of the hoti-e- in the city wen*, too. Avell built and 
solid, and often -ui'roimiled by -hady tri*e-. 'I’he rock-percheil [talace 
and the -trange city at it- ba-e would be -ti’iking anywhere, bttt set 
in tin- beautiful talley. deep in the very h(*art of the motintains, 
they gathered an additional im pre-si \(*ne-s which all who -aw them 
recognized. 

It wa-. however, more to the inhabitants than to their btiildings 
that 1 had to devote my I'hief attention during my stay in Lassa. All 
tlu* leading men. both lay and eccle-ia-tical. lu're came before me, and 
with tlieiii T rea-oned and argueil and chaffed dav after day and week 
after week. Appallingly ignorant and inconceivably unbusinesslike 
they were. Xo one man had -upreme atithority or ftill responsibility 
to negotiate with me. A council were su[)po-ed to be the chief execu- 
tive authoritie'. but they could do nothing withotit the consent of the 
national a— einbly. and they, without any pre-iding officer to control 
th(*m or any -en-e of rt*spon-ibility. simply censured instead of 
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indorsing ■\vhat the execntive council did, while these latter were pi’o- 
hibited from attending meetings of the national assembly to argue 
tlieir case in person. A more hopelessly inapt organization for deal- 
ing with a crisis in their foreign affairs it would lie difficult to imag- 
ine. But ignorant. l)igoted. and apparently immovable as they were, 
they had their good points. They were almost invariably polite, and 
they were genial. The humblest little Joke was enough to set them 
off laughing, and I do not recall seitarating at the close of a single 
interview of all the many we had at latssa with any feeling of ill 
temper. I must confess to a feeling of exasperation sometimes when 
I reflected that my convention had to be got through in so short a 
time, and no ray of daylight was for so long visible through the 
dreary clouds of obstruction: but these poor Tibetans do deserve 
credit for never having really irritated me. It was. after all. their 
business to make as good a bargain as they could with me. and perti- 
nacity is a trait which need not be caviled at. Still. -it was heavy, 
weary work. Eight or ten of them would come together. Each oni' 
had to have his say. so that when he returned home he could boast 
that he had for his i)art spoken up to tlie British commissioni'r. 
Each otie I listened to patiently and each one T answered. In this 
way, as every day produced a few fresh men. 1 worked through most 
of the leading men in Las^a. while Captain O'Connor, whose trials 
were still greater than mine, tackled even larger inntiber-- in his pri- 
vate room. 

On the whole. I formed a low estimate of their mental caliber. It is 
impossible to regard tliem as much el-e than cliildren. iMy talks with 
them were not oidy al)out the business in hand, btit about general 
affairs and about religion. Tin* Ti Bimpochi. with whom the Dalai 
lama left his seal in his flight for Lassa a few days bef{ire our arrival, 
held the chair of divinity in the (Taden mona'tery, and was universally 
reverenced as the leading lama in Eassa. lie was recogiuzed as re- 
gent. and was the i)rincipal in the negotiations with me. But even 
he, pleasant, benevolent. g('nial old gentleman as he was. had really 
very little intellectual [)ower. ami but a small modicum of spirituality. 
In both he was very distinctly inferior to the ordinaiw Brahmin in 
India. He liked his little jokes, and we were always on the be-t of 
terms. But he was lirmly convinced the earth was triangular. His 
intellectual attainments did not amount to much more than a knowl- 
edge by rote of ])rodigious (juantities of verses from the sacred books. 
Discussion with him iijjon the why or the wherefore of things (uided 
in bald quotations from the scriptures, and his ridigion chiefly con- 
sisted in ceremonial. The gemu’al run of abl)ots of monasteries and 
leading lamas had even less to recommend them. One monastery at 
Lassa contained no Ic's than 10,000 monks, and another had 7.000. 
But I do not think anyone saw the&e monks without remarking what 
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iiii-iakc lo MijijjoM* that in Tibet i~ to be foinnl a pure and lofty form 
of I)uddlii-ni. r)nildhi''iii and C'bine-e civilization ct'rtainly have 
raised the roiiiih tribes who. six or ^even ceiitnrie' ago. inhabited 
Tibet int(j 'Oinething very ninch higher than they weia' before the'C 
appeared. T>iit intellect nal ami sj)iritiial life i' 'tilhal by tin' rigorous 
niona''tic ruhe .Vll biivign id(ai'' and individual originality have 'O 
lar been trainphal down. And the iv-lilt i' a people of i}i(|e\ible 
rigidity, wholly unable to adapt theni'clve^ to altering I'ombtion--. 
and without any intellectual force or ^pirittial iinpelii'. We -oiighl 
fur. but did not liiid. the wonderful Mahatiiias. who would lead im to 
iiiore lofty jjeaks of light and wisduui than <-ver we had tiaal bid'ore. 
And whih' I would not deny that Buddhir'iu has done iniieh to tame 
a.nd civilize :i barbaroti' race of demon worshijjef' in Tibet. I would 
wain thosi' who wotdd look' to Lassa for any kind of higher intihlec- 
tual or spiritual guidance, to seek nearer borne for what they neial. 
Imbued, a- the Tibetans arc. with much of that im[)as,-ive coiitiuitineut 
inculcated by liiuldha, they ari' still, to all intents and juirposes. 
demon wor'hij)er'. Their religion is grote'(|nc. and is the mo't 
degnided. not the purest, form of Ihiddhisiu in existence. 

Iliippdy w(‘ were able to (Mitirely overcona' that feeling of obstruc- 
lioii which the heails of Tibetan Church had so fur shown to out- 
siders. Through Mr. A^'iltoiiV influeiici* with the Chnu'se otlicials. 
and Mr. AA’hite’s connection of iminv years' standing with the Tibetan 
lanuis in .'sikkim. and his tactful suasion, we wwrt' able to gain acre's 
to all the monasteries and temph>'. and lad'ore we left Las'a British 
officers went in and out with a. •> little concern a' they would to ."st. 
Paul's. I insisted tiiion having the I'onvention signed in the Potala. 
and in tla' finest hall in it. and once the lamas saw no harm resulted, 
and W'e invariably treated tlaan with coiisidiaittion. they entirely 
withdrew thi‘ir obstruction, and when, just liefore leaiing La'sa. I 
paid a formal vi'it to the great cathedral calk'd Jo Khang. I was 
surjirised to find them actually pressing nu' to conn' iiisidc' the rail- 
ings ami walk round the magnificent image of Buddha — a freedom 
I have iK'ver had accorded me in any temph' in India. 

T f('ar I have not sufficient time to adeijnately describe th(‘s(' niou- 
asterii's and temjiles. Outside they W'ere 'olid and niassive. though 
hardly beautiful. Iii'ide they were weird and (juaint. and some- 
times grotesque. I cari'ied away with me an impression of imnu'nse 
impassive figures of Buddha forever gazing calmly and tramiuilly 
downward, of walls painted with grotesiiue demons and dragons, of 
highly decorated wooden columns and roof', of general dirt and 
grimiiu'ss. and of innumerable bowJs of butter burning night and 
day. as candle' are btirnt in Ilonian Catholic churches before figures 
of the saints. 
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Sooner than I conld ever have cxpeeted. the convention wa> signed, 
and W(' prepared for our return to India. Once business had lanai 
arranged, the Tilndans evere all a-^ happv as po'^il)le. Xo single 
person was i-e^poiisihle ; each had had his .-ay. and if hlaine had to 
fall on anyone it had to fall on all. and all ecpiallv. But in their 
heart of iiearts they knew full well that they had got otf remarkably 
cheaply, ami they had indeed the grace to acknowledge this. Oti 
th(> morning of our d(‘partitr(‘ the regent catne down to ottr camp and 
j)re-ente(l image's of Buddha to iMr. AMiite and m\>elf. a- well as to 
(leiH'ral Macdonald. Tie thanked ii' for saving the monasteries atid 
teni))k'-, and in pre-enting tlu' image of Btiddha to me said. " When 
Buddhi-ts look on this they ])tit a-ide thottghts of strife, atid think 
(jiily of jieace. and 1 ho])e that you. when you look at it. will thitde 
kindly of Tibet.'' 

Atid e'crtainly I left Lassa with every kindly thought. It was a 
perh'ct autiiinti day: the sun was Itright and warm. TIk- valhw was 
looking its jirettiest in its autumn foliage'. Tlu' e'ntire' I'ouiu'il. with 
their si'i'ri'tarie''. Intel ce)me it mile' down the' roatl te) otb>r us a fitre'we'll 
cti[) etf te'it iiiiel te) wi-h U' gealspeeil on our journey. Their last worels 
we're' thiit tlu'y inte'mle'el te) kt'e'p the tre'iity ami be friends with us in 
future'. Our heepe'le-s task se't'tne'el inelee'el te) have bei'ii accomi)lisheil 
and gooel will to have' be'e'll e'stablishe'el. 

.Vtitl iill thitt hits hitp[iened sini'e' ceerreiboriites this inijert'ssiou. The' 
(ouncil had willingly given permission for a pttrty e)f ollie'ers te) jiro- 
ct'eel through Shigiitse up the' Brahmaputra to dart ok. in AAT'-tern 
Tibet, atid tlu'ii back to rndiit by Simla. This important e.\peelitie)n 
Wits j)laced in cluirge of Captain Bawling, who two years ago had 
mael)' a most successful j))urne'y in AVe'stern Tibet, while (’aptain 
Byde'i'. B. E.. was in charge of the survey. These' two ottie-e'i’s. with 
Captain AA'e)od. B. E.. iiml Lieut. E. Bailey as their assistants, have' 
ace'omplisheel their arelueuis umle'i'taking. Though ace’i'injeanii'el bv 
only an orele't'ly eae-h. anil no armi'el e'seort. they have' travi'h'il through 
a thoiisaml miles of 'I’ibe't anil lii'en well receiveil evervwhere'. Cap- 
tain Byili'i- has surveyeil 40.001) sejuare' miles of I'ountry. irn'lnilinn- 
the whole' e-oui'se of the' Brahmaputr;i from Shigatse to its souri'e. the 
Alansorawar anil ailjoining lake's, and the souri'es of the' Indus anil 
the Sutle'j. anil Inis jeroved bi'vonil iloubt tlnit no higher mountain 
than Mount Evi'ri'st lies at the' bae'k of the Himalayas. The' partv 
sutfi'i'e'il imli'e'el ti'rribly from the colei, their thermeime'ter resist I'l'inij 
24 be'low ze'ro. but the'v i-rosse'd a pass 18.400 feet in height in Decem- 
ber anel re'ai'hi'd India in safety. 

I trust, the're'fori'. you will believe that the Tibet mission has not 
bee'll barri'ii in ge'ogTa|ihie'al results, and that when you wi-h explora- 
lion work to be' ilone' there are gooel anel trtisty men in Inilia ever 
ready and willitig to do it. 




THE DEVELOPMENT OF PvTIODESlA AND ITS PAITAVAY 
SYSTEM IN EELATION TO OCEANIC IIIGIDVAYS. 


By .7. r. IIi Ari.EV. 


In a foniK'r paper on " I'lio port of the I ]i]>er Nile in relation to 
the hielnvays of foreiiin trade " ■' it wa-; )iiy aim to (li>eu>'< the liiie> of 
eommnnication leadino' to the Upper Nile from Alexandria. Suakin, 
iMa^^iaua. DeiEera, iMoml)a.--a, and ('hinde. and to determine the eeo- 
nomie zones that niiiilit he commanded hy the hi”'hway> of trade fi'Oin 
these several ports. It is my aim in this paper to ^ive an account of 
the economic development of Pho<le'-ia. and to discnss its railway sys- 
tem in relation to the oceanic hiffhways. 

Khodesia comprises tho'e territories the development of which is 
directed hy the British South .Vfrica Company. It is well named, 
for it was owino- to tlu‘ energy. enterpri'C. and sairacity of iMr. Phodes 
that the colony was founded and now forms j^art of the British Em- 
igre. '• To see all that British is my dream I " iMr. Ilhodes is said to 
have exclaimed when referrinj>- to tlu‘ po"ihle aci|nisition of these 
vast territories. As orie-inally detinetl in tin' charter of incorpora- 
tion. the extent of territory open to occu[)ation hy the South .Vfrica 
C'ompany Avas “the region of South Africa lying immediately to the 
north of British Bechuanaland. and to the north and west of the 
South African Repuhlic and to the west of the I’oi'luguese domin- 
ions.” Its sjdiere is uoav hounded hy the Transvaal Colony. Portu- 
guese East Africa, the British Central Afri(;a Protectorate. (lermaji 
East Africa, the Kongo Free Stat(‘. Angola. (lerman SouthAvest Af- 
rica. and the Bechuanaland Protectorate'. It is divided into tAvo 
parts hy the Zamhezi — Northern Rhodesia and .''Southern Rhodesia, 
and each of these again is sulxli vided into Iavo provinces — Southern 
Rhodesia into ilataheleland and iMashonaland : Northern Rhodesia 
into NortliAvestern Rhodesia and Northeastern Rhodi'sia. 

Africa is a continent of tahle-lands. and Rhodesia. pliA'sically 
vicAve'd. consists chiefly of a vast eleA'ated tahle-laml. the gc'iieral alti- 

n Reiirinteil. by pertnissioii. from Tlie S<-iittish (:ei>ai'.-i|ihic.-il Al.-mciziiie. Edin- 
Imrijli. A'ol. XXI. Xo. •'!. Alarcli. lUn.A. The iiiaiiaziue artirle iii<-liules some 
maps ami illustrations here omitted. 

t Scottish Geographical ilagazine, XI, p. .ATI. 
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THE DEVI;L<>1‘MENT of RHODESIA. 


tu<le of i\ lucli v;ii-ie.~ from o.OOO to r>.000 foot. Olio or two points may 
1)0 chos)'!! to indicato rolativo hei<rhts. The Zaniliozi at the coiiflueiico 
of tho Jaiaiigwa Ki\ or Tso feet above >oa level, and at the Victoria 
Falh it i^ e.-s.'iO feet: I..ake Tanganyika is ‘-htiSO feet; the altitude of 
Sali--hiu'\' is f.sUO feet, and ilarandellas. which is o.bOO feet above 
sea level and 45 miles from Salisbury, is the highest point on the 
railway IxUwt’on Salisbury and the coast; Ihilawayo is 4.'250 feet: 
Fort Jamoson ;).ri00 fe(‘t : F'ife 5.400 feet. Khodesia belongs to 
sei'eral hydrngrai)hic systems — the Zambezi, the Kongo, the Sabi, and 
the Liiiipoja). 

Although the whole of Rhodesia falls within the Tropics, its cli- 
mate i,' modilicd by its altitude, and as :i v)'ry considerable part of it 
is abo\e ;i.000 feet it may thereby be regarded as :i white man's coun- 
try and widl lirted not only for Rritish residence, but foi' llritish col- 
onization. It has heen estimated that in .Southern Rhodesia alone 
there !ire RKl.tioo s(jn;ire miles aboi’e .‘l.OOO feet with a suitable climate 
for Kuro])eaus. and gO.OOO sqnai'e miles above 4.000 had wher)' the 
average temperature allows Fiiropean childiam to !)(> born and bred. 
Th(‘ year is <llvided into two parts, according to the rainfall — a ^\•ei 
and a dry season. The wet season begins about the end of Octcjber 
and terminates about the end of .Vpril. I’rom May to .September 
there is lirth' or no rain, and this period — the Rhodesian dry season — 
is the best time to arrive. 

The economic possibilities of Rhodesi)i are manifold and immense. 
To deN'cloj) this potential wealth has b(‘en the aim of the Rritish 
.^outh .Africa C'omiiany. At’heii tin* company was formeil the chief 
..nd virtmdiy jU'Cscrihed ol>jects of its aflministi'al ion were to extend 
northward the railway and telegraphic systems of the ('a[)e C'olony 
ami Fiechuanaland : to encourage immigration and colonization: to 
l)roniote trade ami commerce: to de\'el(.)p ami work mineral and otlnu' 

concessions. 

'J'he fame of gold and oth(‘r mineral wealth has Inam associated 
with this part of Africa since the most .-.ncient times. Many old 
workings ha\e been found, ami these have facilitated modei'u pros- 
[l(‘(■ting In Southern Rhodesia gohl iicdds have bi-eu discovered 
both in iVIatabeleland and iMashonalaml — chielly in the Ilulawavo. 
trwado. Salisbury. FuUali. an. 1 M azoe disti'Kts. The devcdopment of 
the gold lields has Pceii fre(]uently interrupted, but considerable 
advance has been made, as mav l)e seen from the [)rogresslve output. 
Ill Is'.m the output amounted to iCi.fOU ounces ; in 5(i.742 (juiices; 

in I'.ioo. s."). :')(■>(; ounces: in I'.tni. 172.(1-4.5 ounce~: in ll)b2, lb4.170 
ounces, and in I'.H).'!. l'.41.s 72 ounces. Coppei' has been discovered in 
both Northern and Southern Rhodesia. In .Southern Rhodi'sia it is 
found in \ ictoria. iNIel't'tter. I.o ^logundi. and Mafuugabusi districts: 
in Northern Rhotlcsia on the Kafiie River and on the borders of the 
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Kongo Free State. The prineijtal lodes, so far opened up. are on the 
Kafue Fiver and in the Ijo Mognndi di>trict. The deposits in North- 
ern Rhodesia give every promise of a great mineralized held which 
is being systematically develope<l. Several coal helds have also been 
disc(wered. Chief among them is the vast coal field of lYanki, 
which promises to be one of the most important discoveries in 
Rhodesia. The coal is considered to be '-econd only to the best Welsh. 
Other minerals found in varying quantities are silver, blende, anti- 
mony. arsenic, lead, and iron. 

Although gold and other mineral wealth promote the speedy de- 
velopment of new territo)'ies. the permanent prosperity of such a 
country as Rhodesia must idtimately depend upon its pastoral and 
agricultural resource'. " Owing to its fertile soil," says Mr. Ross 
Townsend, secretary for agriculture in the Rhodesia administration. 
•• regular wet season, ample rainfall, genial climate, and cheap land. 
Rhodesia offers prospects for successful farming operations second 
to none in South Africa, and comparing favorably with most British 
colonii's. I'lie fertility and variety of soils are capable of 2 )rodncing 
most kinds of cereals, tobacco, vegetable', and fruit where energy and 
enterprise are brought to bear on it. as has been practically demon- 
strated in the different districts of the country." It is worthy of note 
that, owing to the geological formation of the country, th(> best 
arable land is usually situated within a reasonable distance of the 
gold rt'efs. Ther(\ is always a great demand for agricultural j)roduce, 
at remunerative j)rices. at Bulawayo. Salisbury, and .Selukwe. It is 
estimated that in Matabeleland alone there arc' .“cO.OOO square miles 
available for pasture and arable land, and of this about (i.OOO square 
miles are suitable, evithout much preliminary work, for European 
cultivation. The size of farms in Mashonaland is generally about 
l..-)00 morgen ( apjcroxiniately :1.000 acres), ilatabeleland farms are 
about twice the size. Rhodesia offers attractive prospects to the man 
of energy and enterprise who has a knowh'dge of agriculture and a 
capital of to il.OOO. Mealies — maize or Indian corn — is the 

staple cereal jeroduct and can be made to produce as heavy a yield 
as in any other part of the world. The demand is practically un- 
limited. not only for local markets, but throughotit South Africa. 
Wheat grows well and yields abundantly in many parts of the 
country. Samples of Rhode'ian wheat have been well received on 
the British corn market. Root crops of all kinds do remarkably 
well and yield heavily, especially potatoes. Cattle generally do well 
everywhere. Sheep and goat: — Cape Boer goats. Persian sheep, and 
the Cape fat-tailed sheep — thrive well all over Rhodesia and the 
increase is rapid. The merino sheep is found to do well in the eastern 
highland', where a million sheep could be grazed without overstock- 
SM 190.5 22 
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ing. The prevalence of horse sicknes;, ha^ hitherto prevented the 
breeding of hordes and nudes; but Doctor Koch is convinced that a 
simple process for immunization is possible much on the lines of his 
process for inocidation against rinderpest, by which means South 
Africa has been rid of that disease. If this system of inoculation 
succeeds, as is anticipated, then there will l)e a great futui'e for horse 
and mule breeding in Ehodesia, not only in meeting local require- 
ments. but in supplying remounts for the British army. 

Of tropical and suhtro])ical ])roducts the most important f(jr Eho- 
clesia are rubber, tobacco, and cotton. Rubl>er is found in abundance 
in the Sabi Valley, along the Zambezi, and in many parts of Xorthern 
Rhodesia. iMr. Lyttelton Gell has discussed the future develojuiient 
of this industry and has advocated the systematic cultivation of I'uh- 
ber. Tobacco grows wcdl everywhere, and in the opinion of an .Vnu'r- 
ican e.\])('i't there is a greait field for ('uten-priso. as the ditferent varie- 
ties of soil are callable of growing the* light cigarette tobacco, the cigar 
leaf, and heavy smoking tobacco. A special n'port on tobacco culture 
has been prepared by Mr. G. il. Odium, of the d(>partnient of agricul- 
ture of Southern Rhodesia in which he shows, from an investigation 
of the industry in America and from analogy, that the growing of 
tobacco will play an important part in agricultural development. 

Another promising industry is the growing of cotton. Samples 
both of native wild cotton and of that grown from Egyjitian seed have 
been favoraldy reported on. both by the Britidi Cotton-Growing 
Association and by the director of the Imperial Institute. London. 
"I have e.vamined." says ilr. AVolstenholme. in his report (January 
7, 1004) on behalf of the above-mentioned association. " the samples of 
cotton grown in Rhodesia now on view at the Ihverpool E.xhibition. 
At the present moment they are worth considerably more than the 
prices affixed to them, these. I think, being the figures I placed on them 
some months since. The Egyjitian seed lots are worth S]d.. and the 
native seed shl. to hd. I feel sure that if yon can keep u]) the stand- 
ard of these samples there is a large fortune in the business. Your 
Egyptian samjjles are much sujierior to the Xyassaland cotton sold at 
Tld. per pound. Planters from the Zambezi inform me that they 
could obtain plenty of labor, as the natives from Portuguese East 
Africa prefer to work cotton to working in Rhodesian mines. It is 
evidently one of the few countries where the product of the Egyptian 
seed maintains its characteristics. Peru being the oidv other I know, 
though it has been tried everywhere. If you have sufficient land and 
labor available to produce quantity equal to the samjJes. you probably 
have more valuable gold mines above than below ground in Rho- 
desia." If Rhodesia develops her cotton belt, it will be not the least 
of her services in contributing to the economic prosperity of the 
United Kingdom and the Empire. 
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Rliode>iu ;iii iiilaiid country. This fact has an important bear- 
ing on its economic development. The vital j)rolileni here, as in sev- 
eral other parts of Africa, has been the inland carrying trade. Since 
such an important river as the Zambezi flows through Ehodesia. it 
might ■well be assumed that it would aiford an easy line of access, and 
that its -waterway would become a great artery of commerce. But 
on account of the configuration of the African Continent the naviga- 
tion of the Zambezi i-^ interrupted by falls and rapids at several 
points where the river descends from the table-lands of tlu' interior. 
It is a river sul)ject to great fluctuations of depth. During the wet 
season it floods and rises as much as 1.5 to 20 feet: at the height of 
the dry season it is reduced to shallow and uncertain channels which 
vessels with merely a draft of l!S im-hes woidd find hardly naviga- 
ble. The former ditliculties at the delta have bei'ii removed since 
Is, S'.), when the navigable Chinde mouth was discovered, and the port 
of Chinde is now the i-hief entrepot for the several fields of trade 
commanded by the Zambezi highway. 

The Zambezi may be physically divided into three sections: The 
lower river extending from the sea to the Ki'brabasa llajiids — a dis- 
tance of about 400 miles — the middle, from Kebrabasa to the Vic- 
toria Falls, a further distance of '.100 miles, and the iti)})er. from the 
falls to the source of the river. (>()0 or 700 miles. T'he lower section 
ttp to Tete is navigable for stern-wheel and other small draft steam- 
ers for eight or tune months in the year. Dttring the other months 
the shallows near Setta. where the river widens to a breadth of abottt 
two miles, make navigation diflicult. From Tete goods are taken 
overland to Cachomba. a distance of ovc'r 130 miles, in order to avoid 
the rapids. At Chicoa or at Cachomba. above the Kebrabasa. naviga- 
tion again becomes jiossible to and beyond Zumbo, where the river is 
again obstructed at the Kariba (lorge. At jiresent goods are for- 
warded from Cachomba either by carriers or by water to Zumbo and 
Feira, and are distributed from these |)oints. In order to facilitate 
the transit of gootls to the west, it is ])roposed to construct a wagon 
I'oad round the Kabrabasa rapids, and ultimately a light railway. 
From Chinde the rates are £.5 per ton to Tete. £10 for each ])assenger : 
to Feira and £30. respectively. Several of the transport com- 
])anies are devoting their energy and enterprise to developing this 
highway of trade and the waterway of the upper Zambezi.'' 

In January. IhOl. at a meeting of the Koyal Colonial Institute, 
Major (libbons discussed the Zambezi system as a waterway and sug- 
gested schem(>s by which it might be developed into a great commer- 
cial highway. " I look forward," he said. •' to the day when a boat 

“ See Foreiifii Otlice Reports on tile Trade of Clihule for the years T.I02, t9o;>. 
l'.)04 : and Forei:;ii Olli- e Reiiorts on the Trade of Tete and District for the 
year 1901 (annual series, 2sl2l and 19o:> (annual series, :;210). 
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M'ill travel those 1.200 miles from Cliinde to Molele vithoiit the 
iieces'.itv of transshippiiio-." This is a lonir view, hiit it indicates the 
direction in which develojmient is procee(linir apace. At seteral 
point' alomt tin* main river the ti'ausit trade i' rapidly increasine'. 
riiiis 4'ete has lieconie a convenient depot for the traii'it of goods and 
an ini[)ortant point on tlie lint's of coininnnicatioii to nortn, south, and 
west. Through Tete the telt'graph system passt's from Rhodesia to 
British Central .\frica, and from the east coast to Zumho. A postal 
service has been established by a weekly overland mail Itetween Tete 
and Salisbury and a commerci.d route vill probaltly be developed 
!ip the iNIazoe Valley with .Sontlit'i'n Rhodi'sia. Another route of in- 
creasing importance is that from Tete to fort .fanieson and other 
parts of Northeastern Rhodi'sia. (foods are shipjied to 'I'eti' from 
Chinde and thence forwarded to Fort Jameson by carriers. The rates 
of fr'.'iii'ht from Tete to Fort Jameson art' sis. to lOs. a load of ."io to 
liO jjoiinds, A roail is at pri'sc'iit mnh'r construction Ix'twc'eii these 
two placi's to faeditale communications. From ('hiiidi' to Fort 
Janie'oii the rates for gooils by way of J'l'te ai'<' t'2.') a ton: for passen- 

gt'i's. £2's. 

The Zambezi system comprises that of tin' .''hire River and Lake 
Xyassa. and this i' tln' best routi' to tln' nortliern and eastern districts 
of northeastern Rhode'ia. 'I'his Nyassaland roiiti' follows the Zam- 
bezi and .'shire waterway' to Lakt' \ya"a. -Vt Cliiromo. or Katunga. 
CjO mill's higher up the ri\i'r. n.ivigation ci'a'cs and goods are carried 
overland, through Blaiitvre. to the Fp-per Sliire. Stern-wlu'eler' [iro- 
vidi' transport as far as Fort Joliiiston. at the south I'lid of T.ake 
Xyassa. From this point steamers ply to the 'evi'ral port' on the 
lake, 'file ])ort' for Xortheasti'i'ii Rhodesia ai'e Domira Bay and. 
Kola-Kota for Fort Jameson, and Karonga. on tlii' northern slioi-c. 
fi.ir Fife and Abei'corn and tlie districts boi'dering on Lake Tan- 
ganyika. d'lii' rates of freigiit by Lake Xya"a from C'hinde ai'e. jier 
ton to k’ort Janie'on. £2.'': to Karonga. £20: to Fife. £•'>.“>: to .Vbi'rcorn. 
IMli. and to Mweru. £7e. 'I’he pa"engeT' rates to the same jioints are 
£;>."). £"10. £41 .1'.. £.12 10'.. and f'T.l. A railway i' now being con- 
structed from Cliiromo to Blantyre and thence to I>ake Xvassa. 
M'hi'ii completed it will form an ini])ortant link in this system of 
coimnunicatioiis and gri'atly ])roniote the inci’ea'ing 'Ucee'S of this 
comniercial highway to the heart of .Vfriea. 

The Zambezi. how'e\'er. has hitherto played but a subordinate part 
in the opening up of Rhode'ia to commerce and civilization. It was 
IVoiii the Cajie that Briti'h enterprise develojied communications with 
dll' northern territorii's in the basin of the Zanilx'zi. 

One of Mr. Rhode'"' earliest etfoi'ts was to get the Cajje parlianu'iit 
to e.xtend the Cajie ( io\ i*rnnii'nt Railway to Kimberley. 4'his was 
allowed, notwithstanding considerable opposition. Afterwards the 
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AfrikcUider Boiul (leleriiiitied that Kiiiibwley should remain the ter- 
minus of tills raihvay. and that any further extension should he from 
tile Ca})e to Bloemfontein and dohaimeshurji;. 'Idiat this would aive 
control of the trade of the interior into the hands of the two Boer 
Slates, and so lie a menace to British interests, was only too evident. 
The true route to the north was. according- to Mr. Bliodes. through 
Biechuaiialaiid. AMieii the British South Africa t'ompauy took over 
the administration of the country Kimherley was the neari'st center 
of comnninicatioii. After the charter was signed permission was 
obtained to extend the ('ape ( iovernment Bailway from Kimlierley to 
^T■yl)urg. This extension of TdE miles was hegun in Aovemher. IsSh. 
and liidshed in Di'cemher. hsiH), the work having been conpileted in 
little over a year. AA'ant of funds. Iiowever. put a stoj) to further 
exti'iisioii for some lime: but in May. l.’sU:’). the Bechiianaland Bail- 
way Company was incorporated to coniimte the line tiorthward from 
A'l-ylitirg to Bulawayo \'ia Mafeking. Palapye (Palachwe). and Fran- 
cistowti. This, a disttitice of .AST miles, w as (‘omjileted iti ( ictober. 1M)7. 
Dtiring the eonstrtK'tion of tiiis lim* the gnatt rinderpest scoitrgi' sW(>pt 
over the cotttifry. practically killing the whole of the trek oxen. It is 
estitnated that before the oittlireak in IMXi there were over IbO.OttO 
cattle iti INIatabeleland, titid by the end of the \ear there were otily 
alxuit .'ihO left, 'rite diffieitlty of transport tints broitght abotit and 
th(' oitthriaik of the Matabele war impelled the eonpiany to pitsh 
oti this work by what may l>e tmaneil forced marches, so that, in 
tnost strikitig cotitrast with the etirlier construction, the hist 2gS 
miles from Palapye to Btdawayo were eomjileted iti the very short 
space of fmtr and a half months. Tlie litie was formally opened 
on November t. IMiT. AVitli the ('stahlishment of this direct com- 
mttnication of Bulawayo with Cape down, a distance of l.MliO miles, 
was itiaiigttrated a new era in the history of Matabelehind and 
Bhodesia. 

Btit IMashonaland was the tii'st Bhodesian territory, and conimuni- 
ce.tion with the east coast was desiderated. AA'hile the Bechuana- 
land Bailwav Company, now known as the Bhodesiati Btiilways 
(Litnited). was const rurtij).,- |im. to Bulawayo, a liiu* was being 

projected from Salisbury to Bmtali, and thence to the Portttgitese 
port of Beira. The distanci' lietweeii Salisbttry and Pieira is about 
miles, lutt ahhottgh the distance was not great, there were consid- 
erable dilficttlties to bt> oven-ome. d’he .Vtiglo-Portuguese treatv of 
jS'.U lunl a chuise which jirovideil for the coiistntction of a line of 
railway from the Piingwe Biver to Salisbttry \ia Manicalaud, but 
])olitical cattses were responsible for inticli delay. Another serious 
(Fstacle in constrticting the line was the liilly natttre of the country. 
From sea level at Beira the eotmtry gradually rises. An altitude of 
h.t'iOO feet is attained at ^birandellas. 4.") miles from Salisbttrv. which 
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i> the hio'he.'t point on the Salishurv-Beira line. From iMarandelhi' 
tliei'c' i> a iiradiial deK'ent into Salisbury, whieli is 4.S00 feet above 
sea level. The chosen starting point of this line vas Froiitesvilla. 35 
miles lip the Pungwe Eiver. from which place the line. 2-foot gauge, 
was laid in a westerly direction for a distance of 75 miles. This sec- 
tion Avas ojiened in Octolier, l!S!i3. Considerable delay was occa- 
sioned in the constrnction of this first section, which runs through 
the Pungwe Flats, liy the frequent " washaways " Avhich occurred 
during the wet season. 'I'here were other difficulties also on ac- 
count of the swamjiy nature of tlu' country; yet the Avork Aveiit on 
surely, and in Xoveinber. 1S!)4, the rail Avas carried on as far as C’hi- 
moio. a distance of IIS miles from Fontesvilla. This point rinnained 
a terminus for some years. It was not until October. IShC). that a 
line Avas constructed between Peira and Fontesvilla. Thus there Avas 
a 2-foot gauge line for a distance of 153 mile'-. Oreat dilliculties 
Avere. however, e.xperienced in continning the line from Chimoio to 
Fiutali. on the Portuguese border, and it was not until February. 
1808. that the 2-foot gaiigt* line to the border wa" i-ompleted. In 
1807 the Mashonaland Pail way CVinqiany Ava.- formed to carry out 
the construction of a 3-foot-() gauge bin* fi'oni I'mtali to Salisbury. 
The Avork Avas begun on .lanuary 11. InOS, and the line Avas completed 
in ]\Iay. ISOO. on Avhich date Salisbury Avas in direct railivay commu- 
nication Avith Beira. .Vs the line from Beira to Fmtali Avas only of a 
;;-foot gauge, considerable e.\})ense and delay were incui'i'ed in ti'ans- 
ferring goods from the narroAv-gauge to the broad-giiage line, and as 
it Avas al'O found that the 2-foot gauge line could not (•oj)e Avitli the 
necessary amount of traflic. it Avas decidial to Aviden it to the standard 
gauge of 3 feet <i inches. Before this work Avas entered upon the line 
betAveeii Beira and Umtali was partly resurveyed. some of the Avoist 
gradients Avere thu> avoideil. and a saving of 18 miles Avas effected. 
The broad-gauge line from Beira to Umtali Avas completed in August. 
IhtiO. Since P.'OO va^t improvements have been effected on thi-- line. 
<11 former years " AvashaAvays " Avere fnapient and dangerous, but thi' 
■addition of numerou- cuherts has done much to lessen the constantly 
recurring damage caused by the rains to the permanent Avay." 'Hie 
great need of iVIashonaland had been from the outset a rapid and 
cheap system of coiiiinunication Avitli the coast. Mr. Phodes hoped 
by a railway from Beira to Salisbury to I'educe the cost of importing 
food stuff's into the country from £70 to £10 a ton. The completion 
('f this railAvav system Avas therefore a great boon to all concerned 
in the economic development of the eastern districts of Phodesia. 

The next phase in the develojmient of the Phodesian PailwaA sys- 
tem Avas the linking up of BulaAvayo Avith Salisbury. In ISUS Mr. 

" Aide Forei,;.'!! Office Kenoi't on tile Trade of Beira for 1002 ( .Ximual Series, 
.\o. p. 7. 
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Ehode^ contemplated the extension of the main trunk line from 
Bulawayo via (iwelo and the Zambezi to Lake Tanganyika as part 
of his great C’ape-to-Cairo scheme. After an unsuccessful attempt to 
obtain the cooperation of the Imperial Government in this under- 
taking, the various mining and exploration companies were ap- 
proached. and sufficient funds were raised for the construction of 
the first section of l.'iO miles. It was also decided, while the railway 
was being pushed northward via Gwelo. to construct a line from 
kSalisburv to meet the northern extension. The line from Bulawayo 
to Gwelo was begun in ^lay, IS!)!), but its continuation was inter- 
rupted by the Transvaal war. Although the northward extension 
was thus stopped, the viligant and vigorous directors of the Rhodesian 
Railways (Limited) decided to extend the line from Salisbury to- 
ward Bulawayo, and by January 1, IhOd. the iss miles from Salis- 
bury to Gwelo w(‘re completed and open to the })ublic. After peace 
had bee'll jiroclainied. and the line from Cajie Town could be used for 
transport of railway material, the construction of the line from the 
Bulawayo end was jiroceeded with, and on December 1. IhOl, 
mouths after the Salisbury extension had reaihed Gwelo. Capo 
Town and Ih'ira were in railway communication. Thus the Rho- 
desian Railway system became a connecting link in a through system 
of South African communication from coast to coast. 

This Rhodesian highway may be regarded as the' vertebral system of 
the colony. In an old and settled country the general direction of a 
railway system is mainly determined by tlu' recognized imiiortance of 
the towns and localities which it connects. But in opening up new 
territoi'ies. while the topography niu^t needs have a determining 
infiiieiice. the jiroblem is one also of the potential: the call is for 
prevision — for a prudent anticipation of industrial centers and of the 
gfiieral growth of the community. 

These conditions have been well satisfied in the route chosen. The 
alignment of the Rhodesian system follows the trend of the healthy 
uplands, where the British born may settle and form permanent 
homes. Already several thriving townships are ft)und along the 
route of the main railway. The effect of rai)id and cheap eoniniuni- 
cation soon became manifest in the noteworthy development of 
Buhiwavo. The line from tht' Gape reached Bulawayo stune eight 
ecu months before Salisbury was connected with the coast. Al- 
though the township of Bulawayo was three years younger than 
Salisbury, it so(_)n exceedt'd the latter in population and in the num- 
ber and size of its buildings. The streets are well laid out, and the 
buildings an' both hand-ome and costly. Government House, built 
originally as a private hou-e by Hr. Rhodes after the style of Groote- 
Schuur. on the slopes of Table Mountain, is on the site of Lo Ben- 
gida's old kraal. An exteiisiveh' laid out park connects it with the 
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town, and its avenne. which ha?> been planted thronghont its entire 
length, promises to heroine a rival to the great avenue at Cape Town. 
Sali>liury. which i'^ the seat of governnient. has likewise some good 
huildings and a- well laid out park. On the railway lietween Bula- 
wayo and Salisbury are the rising townshi 2 >s of (fwelo and Hartley. 
The former i' the center of tin' beH gold-jiroducing country, d'he 
hitter, which is 111 miles from (Iwelo ami 77 miles from Salisbury, 
has many gold mines in its vicinity. Other townshijis in southern 
Rhodesia are Victoria. Fmtali, Enkledoorn. iMelsetter. Rusapi. 
Selukwe. (Iwanda, and Tub. Bulawayo and .Salisbury have been 
constituted municijialities. The smaller towns are controlled by 
local sanitary boards. 

(iranite has hitherto been utilized only in building bridges and lay- 
ing foundation^, owing to the heavy working expenses entailed. It 
is found, however, in large (inantities throughout Rhodesia and 
merely awaits the advent of hands and head. 

The economic develoinnent of Rhodesia has necessitateil the build- 
ing of liranch lines to several mining di-tricts. From Bulawayo a 
line has been laid down to the (iwanda district, which is rich in gold 
and coal fields. The work, which was begun in isPi). was stopiied on 
the outbreak of the war. By March. 1!>()4. !>1 miles had been com- 
pleted. and since that time there has been an addition of Id miles, 
which makes this im[)urtant branch line 10-1 miles in Icaigth. The 
interests of Selukwe. which is fast becoming the ci'nti'r of a large 
gold-mining district, have also been advanced by connecting it with 
Gwelo. This bill', which is -Jl miles long, was completed in UK):’). It 
IS also intended to construct a line from Salisbury to tin* Mazoe Val- 
ley. another mining district. 'I’lie survey has lieen comideted. and the 
line will be about go miles long. By .Vugust. lUOg. a 2-foot gauge 
line was laid down from Sab-biiry as far as the .Vvrshire gold mine. 
This line is the iiroperty of the Ayrdiire and Lo Mogiindi Railwav 
Comiiany: Nt miles hate already been constructed, and it is contem- 
plated to carry it on for :>0 mill's more to the Ala-ka mine. Another 
branch is under consideration from I'mtali northward to Penlialouga. 

As an indication of local developments in the winning of oi)ld. the 
following statistics are derited from the Rejiort of the .^ecretarv for 
Mines, .'Southern Rhodesia, for the year ending March dl. l!)0f. The 
tons crushed amounted to •')1)>.7-17, jiroducing bv milling IDS. 477 
ounces, giving an average of 7'('i pennyweights per ton. In addition 
to the gold obtained by milling. 2!).272 ounces were recovered by 
cyanide treatment. .7. •‘ill ounces from concentrates, and 1,4:11 ounces 
from various ^lannings. The grand total for the year amounted to 
ghf.))'.):! ounces. The production according to districts was as fol- 
lows: Sixty-two thousand, four hundred aiul fortt'-seveii ounces in 
the Bulawayo district; l:3G,.2;)2 ounces in the Gwelo district: l.GOf 
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oinicp^ in the Sali^i)ui'v di^ti'ict: 2C>.!>()7 ouiiee.' in the Ihiitali district: 
7. ICO ounces in the Hartley di'-trict: oN ounces in the Lo Mo2Tindi dis- 
trict : 242 ounces in the Victoria di'-triet. 

Hold ininina'. liowio'er. ha-- not heeu the only ininino- indn-'try 'which 
has contrihuti‘d to tin' devolopinent of the Khode-ian railway ■■yst(Mn. 
In ord('r to tap the northern jjart- of Rhode-ia it wa^ oriyiiially i:i- 
tended that the line from Ihilawayo should hranch otf at (iwelo and 
thi'iice proceed throuith tla^ Mafiinifalaisi di'tri<’t to cro~,' the Zamhe-'i 
at the C’ariha ( loi-o-u. through Xorthwe'-tern and Xortheastern Rhocle- 
sia to Tjak(' Tancanyika. This route, howawer. was found im])rac- 
ticahle. a- tin- country north of tlu- Karilia (ioriic wa- in no way 
adapted to railway construction. In view of the- difficulties to 1 h> 
eticountered from (twtdo. and on account of the inn)ort;int (h'Cov('ry 
of a lai'C'e coal area ((iOO s<piare miles) at Whinki, it was decided to 
carry the line from Hulawayo in a more we-terly dii'ectiou than was 
originally ititendiMl. through the va-t tiuihei- foi'cst of the Hwaai 
Ri\'er district, and on to the falls through the creat "Waiiki coal field, 
thence on to Lake Tana'anyika. The work of layiny tlu' lira' was 
conuuenced in iMay. 1001, ami in Septemher. lOO;’. the rail reacheil 
AVanki. a distance of 200 luile-. from Ihilawayo. ( )n tlu' route to 
AA'anki tlu' line runs [laralK'l with the Khaiiii river, ami after I'rossiiyir 
the Iiisese ;ind l’tu<i'u/.a rix'ers it enters the e\t('nsi\e (iwaai fore~t. 
d'h(' (Iwaai Riw'r is crossi'd at a spot ahout ixi miles from ihdawavo. 
at which poitit the altitmh' is ;).240 feet, or alxuit 1.200 feet lowt'r than 
that of Ihdawayo. The line then leaves the (iwaai, and after [lass- 
in^ through a laree e.xpaiise of sandy jilaius. it conies to Wanki. 
From AA'anki to A'ictoria Falls is a distance of 7e miles, and o-rer tins 
jiart of the country, which is of a tiiore hilly nature, the line was rar- 
ried and comph'ted on .V|)ril 2.'>. lOOf. 'I’lie hi-ideine of tlu' Zamhezi 
lias Ix'i'ii a coiisidi'rahle ('nnineerinn' feat. It is expi'cted that the con- 
struction of the hridirc' "ill he completed in June of this year. 4'lu' 
extension of the railway north of the falF has heen authorized as 
far as Kalomo. 100 miles heyond the falF. the cajiital of Northwestern 
Ivhodesia. In order that the construction of this part of the hue 
may not he delayed, the material is heinif conveyed across tlu' Zam- 
hezi hy nu'ans of an aerial caiileway. .\t the present time ( Fehruart'. 
lOO.A) tlu' earthworks on the noi’th side of the Zamhezi are com])leted 
for the tli'st 20 miles, and the rails an- laid for 12 miles. From 
Kalomo the railway will Ix' continued northwestward to the Kafue 
River. I>e\ond the river it will hifurcate. one line proceedinc' north- 
westward. to develop the irreat inim-ral field of the Hook of the 
Kafue. from which point it may ultimately he continueil to the nrc'at 
copiier field of Kaiisaiishi. oti tlu' hordi'r of the Kona'o State, ddu' 
main hranch is designed to proceed through .Northeast ('rn Rhodesia 
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to Lake Tanganyika to form part of the Rhodesian section of the 
great meridional highway from the Cape to Cairo. 

Althongh the Victoria Falls will play an important part in the 
economic develoj^nient of Rhodo'ia when the immense power, there 
available, i- utilized for indii'-trial j)nrpose'. it is as one of the greatest 
sight' of the world that they will appeal to visitors, to whom they 
are now nmdered easily acce>sil)le. d'he fame of these falls has 
resounded through the world siuci' they were first made known by 
Doctor Livingstone. It is tlu'ivfore fitting that th(> township which 
has been founded in their vicinity is to bear his name. The site of 
the town is near the left bank of the Zambezi, some '1 or ■> miles from 
the falls, and the I'ailway line to the north passes by it. 

The origin of the falls A\as ascriljed by Livingstone to a volcanic 
rift, and this view has btam universally accepti'd. Rut another view 
has been recently mooted regarding their ])hvsical history which 
ascribes tin* origin of the chasm and <'anyon to erosive action." 

d'he ^’ictoria Falls are altont twice as broad and two and a half 
times as high as Niagara. They are over a mile widt' and abottt 
fOO fe(‘t high — liigluM' than the top of .'^t. Ranrs Cathedral. The 
Zambi'zi at aiioitt half a mile above the falls is one and a half miles 
in breaflth. then it contracts and is suddenly 2)recipitated into a com- 
jtaratively narrow, profouiul trench or canyon, at the tatstern end of 
Avhich there is an outlet about IdO yards in breadth through Avhich 
the Avhole of th(‘ contracted Zambezi rushes, forming the Roiling 
Pol. and thence throiiglt ;i dee[) and narrow gorge of basaltic dill's, 
which i~ continued in a narrow winding canyon of about - 1 .") miles in 
length. The niilway will cross the gorge a few hundred yards 
IjL'loAV the Roiling Pot. Tlu> bridge, built on the cantilever 2)rinci2)le. 
forms a handsome sjaiii tLiO feet long, with a width that alloAVS a 
double line of railway. When coniplettal it will be the highest bridge 
in the Avorld. The falL themselves are not \ isil)le from the railway 
where it crosses the river; but. in accordance with the wish of Mr. 
RhodL’s. the trains will ]«iss through the jverjjetual sjtray rain while 
crossing the bridge. The vicinity of the falls is celebrated for its 
natural beauty, and jjarks aiv to Ive laid (»ut on both baidts of the 
river. It is thereforL' hoped that the deVLdojvmeiit of this renowned 
loca.Iity will combine titility and amenitv. 

Thi're are two other renowned localities in Rhodesia which have 
h'd to the building or projecting of Ivranch railways. Near Rulawayo 
art* the renowneil iMatojro Hills, wdiere Mr. Rhodes in unarmed 

and accomjtanit'd only l)y an inti'rpreter. had an interview with the 
Mat;d)ele chi**f~. which resulted in a sjieody cessation of hostilities. 

"Vide ■■ 'I'he Pliysicnl llisttirv of the Vieturia Falls." hy .1. ( '. Jlelyneiix. 
F. (t. S.. F. It. (i. .s, . Tile (teDirraphieal .hiunial. .laiiuary. I'.io.l. 
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Among the Matopos ilr. Ehode^. according to hi? ovn wish, was 
bnried. A railway has been bnilt from Bnlawayo to the Matopos by 
the trustees of the Rhodes estate, as it was iNlr. Rliodes's Avish ” that 
tile people of Bulawayo may enjoi' the glory of the Matopos from 
Saturday to iMonday." The grandeur of tluwe hills is aptly described 
in the words of Mr. Rhodes when he called them " the idew of the 
world." 

The other renowned locality is that of the (Ireat Zimbabwe. The 
historical associations of these ancient monuments conti-ast with the 
modern associations of the Matopos; but they lune this in common, 
that they reprt>sent the commerce and civilization of their res[)ective 
ages. Alien the coiitemplatial railway to Victoria has been built, 
it will give access to the (ireat Zimbabwe, which is now recognized 
as one of the liiiest ancient shrines in the Avoiid. 

The founder of Rhodesia and the buildi'i" of the (Ireat Zimbabwe 
liring into association the British and tlie Saba-ans. and thus unite 
across the ages two of the most celebrated commercial nations, llmv 
to develop and maintain communications between the coiist and inland 
parts has been the vital problem in modern economic development, as 
it probably was in that of ancient times. The chief ports at present 
available are Cliiiide. Biui-e. and those of the Cape. To these will 
[irobably be added, in time. Durban and Louieiico IManiiiez. Schemes 
have been mooted Avhich Avill giv(‘ access to Rhodesia from the IVest 
Coast through .Angola and (ierman .Southwest Africa. .Vt present 
th(' two main highways of ti’ad(> are from Beira and the Cape jiorts. 
Bulawayo, which may be tahen as the central point of tlu‘ Rhodi'siaii 
system, is distant tipi iiiih's from Beira. l.lOs miles from I'ort Eliz- 
abeth. 1,2. )d miles from East London. 1.2)(>0 miles from C'ape Town. 
Ihere is not much diHerence in the amount of goods passing through 
Beira and the Cape ports. Much will depend, however, on the future 
railway administration. .Vccording to tlu' British consul at Beira. 
It would appear that under present ai'rangements freights to Umtali 
mid Salisbury, which are respectively distant 2().'l and 27.") miles from 
the coast, cost approximately V) jier ton more than the railway 
ireights to these jdaces over the Cape government railwavs from Port 
Elizabeth, which traverse over J.-tOO mile.s to reach the same destina- 
tion. " There has been .some concern at Cajie Town regarding tin' 
future ndation of the town and port with Rhodesia : but it would 
secun from the above report that there is a reasonable prospect of 
Cape 1 oAvn. Avith its rapid oceanic communications, maintaining its 
coninnu-cial and strategic importance as th(“ chief gatcAvay to Rho- 
de.sia and the north. 


f Foi-eisn Ottice Ropoi't on The Trade of the (’oiisular District of Beira for 
I'JUL’. (Annual Series. Xo. ;tU24. 1 
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THE ETHICS OE JAPAN.' 


liy B;U(iu Kkn( no Svykmaisi. I>. A.. LB. M. 


I have lieoii askcnl liy your rouncil to road dot'oro yon a pajK'v on th(> 
olhlcs of Japan, and thi^ is my att(>mpt in lavponso to that rooue~t. 
ihouo'h v(‘ry imporfi'ot it niiist nocos^arily lio. 

'riK'i'o ai'(' throo sources of factors which inflnoaccd the molding- of 
the otliical '■ystem in Japan, nanndy. Shintoism. Ihiddltisin. and Con- 
lucianism. The first is the' native religion of Japan; the second is. 
needle" to '•ay. a i-elig-ion originated in India and introduced to 
.lapan through China and Korea, and the third is the moral teaching; 
of China. As to the ndative positions of these thn-e. I have already 
fully e.xplained this in an article entitled " d'lu' ndigious of Jai)aii.'' 
iti the l)(‘eeniher numl>er of the Independent lleview. They are ;iot 
antagoni-tic to one another, as peoph- not living in Japan might 
imagine, and as would only a[)peai' natural to tlnmi from their own 
notions of religion. ( )f these three. Uuddhisin is the mn't religion- 
lihe in the ordinary ^eusl‘ of the term. Shintoism ranks ne.vt. hut it is 
very sim|)le and liberal if viewed in tin' light of a r('ligion. Confn- 
ciani-'in comes last: it is ordinarily chis'-ed hy wc'-tern writers as a 
r('ligion. hut as a matter of fact its religious asjiect is very vague, and 
it is not considered a religion hy the Orientals. Perhajis a better term 
for it would be the Chinese ti'aching of morality, iiecanse moral 
notions -which can be gathered from Chinese study are comprised^ in 
all sorts of Chiiu'si' writings, and C'onfncins, the great sage, is only 
one of the exponents thereof. Confucius, however, takes a very high 
place among those exponents, and therefore he came to be ri'vered 
more than any others by (Irientals. and thus Chinese teaching came 
to be Usually associated with the name of the great sage. T can not 
do bi'tter than follow this example and call Chinese teaching by tin' 
name of Confucianism. 

Comparing these three systems of teachings with regard to ethics. 
C'onfncianism stands out very prominently in its systematic exposition 

« l!e)>i-iulecl. Iiy ]iei'iiiissioii. f'nau .Tiiunial of the Society of Arts. I.oniloii, No. 
•2T20, Vol. I.in. March to. l'.) 0 .">. 
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and ijractical utility. Buddhism, it ir^ said, is very jihilosophical, 
and deep in its ideas of the cosmos, and there is no doubt that it is 
castable of exercising a great iiiHueiice on the popular notion of a 
future life, tlujugh it does not do so as much in Japan as in some parts 
of the Asiatic t'ontinent. It has, however, very little to say with 
regard to ethics relative to the actual life of the human being. It 
says you must not do wrong: it says you must elo good: but as to 
ivhat is good or what is bad it is very vague in its meaning. It sug- 
gests i-ather religious notions than practical ethics, how one should 
behave in this world toward on('‘s fellow-creatures or toward the com- 
munity or state to which one belong-. It speaks of ten warnings 
and four benevolences. The ten warnings are: 1. Do not kill the liv- 
ing. d. Do not sti'al. M. Do not commit adultery. 4. Do not speak 
wantonly. Do not make sensational exaggerations, (i. Do not 
caluinniatis 7. Do not use a double tongue, d. Do not Ix' greedy. 
!>. Do not be angry. 10. Do not entertain crooked views. 

The four b(>nevolenc(‘- which one has to remember are: 1. The 
father and the inolher. d. The ruler of the land. d. "All beings.’’ 
i. The three irea-ure-. i. e., the Buddha, the laws, and the priesthood 
( order ) . 

It speaks of coniiiassion and forbearance. It also sjteaks of eight 
correct ways: 1. Correct \-iews. d. Correct thoughts. :5. Correct 
words. 4. Correct conduct. .'). Correct living. (’>. Correct ministra- 
tion. meaning self-rc‘fl('ction and aspirations. 7. Correct concejition. 
8. Correct mediation. In their esseiise. however, all thi'se ti'achings 
are mostly of negative charactm-. and. moreover. I must say that they 
have more inijiortance from a religious point of view than from an 
ordinarv and a practical ethical point of view. 'I'herefore I can say 
that Buddhism has A'ery little to do with the ethics of Japan in the 
sense of a systematic exposition of them, though in an indirect way 
it has had some influence on the moral atino-phere of the .lapanese, 
as I shall show later on. 

The Chinese teaching, otherwi-e called Confuciani-in. is a system 
of moral teaching founded iijam a patriarchal system of conimiinity. 
It doe- not. therefore, only -peak of the good conduct of an individ- 
ual as relating to his fellowship with other individuals, but also from 
the jtolnl of view of the whole system of conimiiiuty as a state. 
Therefore it -peaks (d’ mode- of governing and of beinir governed, as 
well a- of individual relationshij) betwemi man and man. It 
doe- not recognize any difference between sovereignty and ruler, nor 
does it iiotici' a ditlerence between state and coiintrv. In it the great- 
e-t natural bond- of humanity are five, and thi'v are: (1) Sovereign 
and -iibjects: (2) father ( implying also mother ) and child: (3) hus- 
band and wife: (I ) brothers (implying also si.sters) : (a) friends. To 
each of these relationships the essential duty which is to be borne in 
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mind liv each individnal is separately attributed, and to each of these 
duties a special term is oivon to designate its actions from the point 
of view of a virtuous nature. Besidi's these five relationships there 
are two other relationships which have to he added, namely, the rela- 
tionship between the elder anti the younger, not necessarily meaning 
brothers, and also tlie relationship between master and puj)!!. The 
term •• the sovereign and subjects." in oriental notions, signifies in 
their l)earing a very deep meaning in their mutual ladationship. I 
once lieard from a very trustworthy authority that a AVcstern diplo- 
matist. well versed in oiaeiital allairs, had said that the oriental idea 
t'oncerning sovert'ign and sul)jccts was not and could not be thor- 
oughly understood by Occidentals, and I think that remark is not far 
from the truth. 

The idea of the best virtue that a sovereign can have is jen." moan- 
ing to be as hunnuie as possible to his ^.ubji'cts, detesting oppression, 
giving till' best administration to his country — in a word, to be the best 
ruler that even- ruled a land. 'I'hc idea of tlu' l)(*st subject is loyalty. 
Tin* idea of that of fatlicr and son is filial piety on the jiart of the 
child and strictness on the jiart of the father, which is modifieil in the 
case of the mother toward tenderness, for which there is a s[)ecial 
term. The idea which gov(*rns tin* relationship between man and 
wife is harmony. The older word for this was " distinct itai." mean- 
ing “ not to be unseemly." but the word " harmony " is aKo U'ed some- 
times. and we Ja[)aues(* preft'r it. The idt-a of that of brothers and 
sisters is brotherly trit*udship, tor which also a sjtecial word c-vists. 
The idea of that of friends is trustworthiness. In this way all the 
five cardinal bonds are dictated by desirable manifestations of sym- 
pathetic attentions to one another. But of course more ju'ominenco 
is given to the virtue of a subj(*ct. a child, or younger brother, in the 
case of a sovereign and subjects, of parents and children, and of 
Itrothers. respectively. I’hen, again, the elder and the younger in 
g(*neral are expected to respect each other as tin* case demands, and 
the relationship between them is to lx* regulatt*d by a term which is 
equivalent to the English word •'order;" that is to say. the younger 
should not seek to supersede the elder, but to pay respect to him, 
while the elder is expected not to take advantage of the vounger. but 
to treat him with kindness. The relationship b(*tween master and 
pujtil is also regarded as very inqtortaiit. Tlu* juipils are expected 
to respect their masters almost as much as their parents, while the 
iuaster is expected to treat his pupils with ])areiital kindness: no 
businesslike thought is to enter their ndnds. In tin* olden times in 
the Ea.st the system of teaching and learning was very ditlerent from 
that which exists in these modern days. The teach(*r taught his 
pupils out of the love of imjtarting his knowledge and virtuous 
example, as well as the doctrinal principles he entertained, whde the 
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jinpil.^ were supposed to gather around him out of their admiration 
for tiu' pcu'^oiiality of their master and for the purjiose of receiving 
hi.> iii'truetiou-' and intiueiiee for tlu'ir p('r'onal improvement and 
future U''efidiie>>. Such heing the ca^', it ',vas no rvonder that th(‘ 
relati()n>lii[) lEUveen a master and his pupil wa^ regarded with so 
much importance in ethics. 

Ajiart from these cla>''itieation'. the virtuous attributes of man are 
s])olcen of in sevei-al other ways. A\'e have first of all " wisdom, 
humanity, and courage." These three are eoii'ide'red to he the three 
greatest traits of charactei- to Ix' embodied in one j)ersoii. Wisdom 
may not exactly fall under the category of a virtue in its strictest 
sense, but I suppose we nee(l not be very critical on this point. In this 
instance humanity — that is. jen " in tile C'hiiU'se original — may be 
interjireted as com])T'ising every other virtue bt'sides uku'c merciful- 
ness. There i' another catalogue, viz. "humanity, justice, dt'corum. 
wisdom, and faithfulness." These five are considered <‘s,^ential eh'- 
ments of \irtue for regidating a <-ommuuity. and should Ix' observed 
by (‘ach member of it. There is another — "filial jtiety. brotherly 
friendshi]). loyalty, and faitlifulia — ; " these giv(> guidance to ti man 
in his capitcity of a sen. a i)rother. a subject, and a friend, 'riieri' is 
yet anotluM' — " sympathetii’ability. goodness, respix'tfulness, s(df- 
ii'striiint. and naxlcsvy. d hcsc are virtues consi(lered important as 
regards ones s,.] f-cdutrol. .\s to the women. " quietiu’ss. modesty, 
atid [)nrity " are considered the ideal traits of their character, besid.t's 
all those which I ha\'e just desefibed aboxe. which are of course tippli- 
citble to women to an extent almost eijual to men. 

In the 'West th(‘ term love plays an extensive ])art in governing all 
the mutual relationships of the kinds enumerated above. 'ldu‘ essence 
(jf oiTmtal ideas dot's not differ from it in its ]>ur])ort. but expressed 
in words the word love does not play so extensivt* anil iinjterati v(“ a 
jiart as it does in the cst. bec.aiise in tin* ('onfucian doctrine differ- 
ent technical terms are Used, as we havt' already seen, to meet each 
jiarticiilar case. The woril love is used xery sparinglv in the ('onfti- 
cian book', and it is used more ('specially for dt'signating one kind of 
virtue, as. for examjjle. "extetisiv(> lox'e." nu'aning jihilanthrojiy in 
the xvestern sense. The xvord "jen.' xvhieh ordinarilv may be trans- 
lated as humaiuty. more resembles the western word loxi'. becaus(' 
that word " jen may bt' int(*rpret('d in many xvays stiitabh' to the 
occasion on xxliicli it is iisimI. almost m the satin' xvax'. and in a similar 
sense, that the xvord lox'e can be used. But tin' meaning of that xvord 
" jen is more conipreheusixa* and di'eper beca.use it imitlii's some 
other meaning than mere attachment. T xvill not worrv you by going 
into full details of the interpretation of that xxord. as it is t(x) tech- 
nical. There i'. hoxvex-er. one thing xxorth noticing about the xvord 
'ove in Chinese. A\ hen that xvord i' singled out it is also ajxplicable 
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to many ca'-e^. inchidino- tho relationship;' above enumerated. Thus it 
can be used in a very comprehensive manner, and thence there arises a 
(pie''tion about the essence of the word. The question is whether the 
notion of love is absolute, and consequently has no gradation or dif- 
ft’nmtiation in its nature. At the time of ilenciu'-. some time after 
(dmfucins. there was a 'chool of philoso[)hers who maintained that 
there ought not be any ditft'nmtiation. l>ut Mencius maintained that 
that was a fallacy. The word may be the same, but the practice may 
lie ditfereiitiated according to the circumstances. The meaning is 
that one 'hotdd love a nearer objca-t more than a distant one. and thus 
the ('thical notion of cosinopolitaidsm was reconciled with other 
notions of ditl'erent virtues — in otlnu' words, if one does good to his 
neighl)or more than to a stranger, or if one does more good to his 
country tlian to other lauds, out of the feeling of lovta it is (piite justi- 
tlable from an etliical [loint of view, and thus Chinese ethics are made 
reconcilal)le with the principles of state. And this is. I think, an 
important lamlmark in vhieb Confucianism (litters from the fcaitures 
of an ordinary religion, which in its (‘sscnce i-. as a rule, founded 
upon cosmopolitaidsm, and knows not an artificial boundary of states. 

'ritere is a Cliinese maxim which says. " No loyal sidiject serves two 
masters, and no virtuous woman sees two imm." 'rite cardinal points 
of the (.’hines(' ethics are loyalty and filial jiicUy : so that, although 
till sort' of virtues ari' inculcated, greater importance is })laced on 
tlu'se two jioints. In China, learning nu‘ans studying moral teach- 
ing. There are. of cour'O. many subjects for study, but moral no- 
lions ])er\'ade (A'crv liraneh of literaturi'. It is so, (“ven with history. 
Chinese histories, as a rule, record only evcmts as they occur: they 
have no historical or political observations, and any observations 
made by the w ritei's are written in such a way as to draw attention 
from a moral -tandpoint. Their histories, tluu'efore. have very little 
value in th(> oi’dinary s(“ns<‘ of history as the tt‘rni is employed among 
A^'esteru nations, but the fact remains that they pay much attcnition 
to moral lessons. Their exi)Ositions of mond teaching are dom' mori' 
in th(' way of pbilosojihical or sdiolastic dissertations. Tlu' ethic's 
of China, how ewer, w ere not lU'cessarily identical tlu'oughout the 
lone- [xu'iod of her history, extemding over several tens of centurii's. 
There were ~everal scluiols of philosophers besides Confucius, some 
of whom (‘Veil went so far as to dithu' from him in manv jioints; and 
also th(‘ interpiH'tatious of Confucianism (littered at diffeii'iit epochs. 
But the chi(d’ f('atur(‘ of his teaching has always r(‘mained the 'Uine. 
and all that I liav(“ -aid about it above represents fairly th(> idea of 
Confucian doctrine. It is natural that Confucianism should be re- 
garded as a sort of religion, because its followers respec’t it almost as 
a believer in religion respects his cn^ed; moreover, Confucianism 
.SM 190.5 2o 
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recognizes in a iiiea>nrc the existence of some siipi'eme poAxer. It 
speaks of heaven in the sense of a })ower: it speaks of the "order 
of heaven;" it even speaks of the " supreme emperor." meaning 
the Supreme Being. It also recognizes the immortality of the soul, 
though in a vague manner, and pays great attention to festivals 
given in honor of one's ancestors : to use a common phrase, it worships 
the ancestors. But the parts of Confucianism which relate to the 
future of man only form a subordinate element of it. so much so that 
Confucius himself once said. " I do not yet know the living, hotv can 
I know the dead 1 " At all events I. in common with most Orientals, 
do not regard Confuciani'in as a religion in its ordinary sense. There 
are of course many customs and mattei’s of eti()uette sanctioned by 
Confucianisni. or rather enforced by it. which are absurd or imprac- 
ticable in the eyes of the Jaj)anes(>. Ijui there is no necessity for me to 
dtvell upon these shortcomings here. 

Let us now see what is Sjdntoi^m. It is essentially indigenous to 
the soil of .Japan. It may be regarded as religion, and yet if it be a 
religion it is certainly of a imicine kind, having nevertheless jnuch 
similarity to tlie ancient cults of the Creeks and the Bomaii'. It has 
no founder, nor has it any dogmas, in the oialinary simse of a religion. 
It has grown u[) with the customs and traditions ami g(‘neral char- 
acteristics of tlie nation. It recognizt's tin* immortality of the soul : 
it acknowledges the exi~tence of siipernatui’al j)oA\ei’s: it rewu’cnces 
the aiu’cstral spirits, and theri'htn* it may la* called a I'eligion ol' 
ancestnd worship. In that re-pect it re-embles Confucianism. It 
concerns it-elf. howewr. with temporal allaii’s far more than with 
spiritual allairs. In this respect aLo it very largely re-embles Confu- 
cianism. It has existed in .Fapan from tiiin' immiunorial. loni>' before 
the introduction of Confucianism and Buddhism. 

I rom an ethical ])oint of vu w it has nioi'e tiaiching in it than 
Buddhism, but it is not so elaborate as Confucianism. A'evertheless 
it has a tight grasp of tiu' .TapaiU'sc mind. It is supremely content 
Avith Its siiuph' tenets, so nmch s,, that a Avell-known scholar, who 
A\ as a (let out supjtortei’ of it. avIicii speaking of its ethical teaching 
in com[)arison w ith Confucianism, once said that " We do not want 
so inan\ noinenclatur(*s as t onfucianism r<*<pnre.s to signify all sorts 
ol \ irtues and good I'onduct. and our simple teachinn’ is cpiite enoiicrh 
to cover all." 

Shintoi.sm is aBo based upon a patriarchal form of community. 
Its es.sential notion of ethics is cleanliness of conscience: but the 
idea of cleanliness is apjilied not only mentally, but aBo physically— 
hence its tendency to bodily cleanliness as well as other coo-nate mat- 
ters. It sjieaks of good and bad ; it designates bad minds as “ black ” 
or "muddy." and good minds as "red" or "clear." Its ideals of 
conduct ate honestv and straightforwardness. It reverences its 
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ruler from the very nature of its cult, and a magnificent ideal of a 
subject and a citizen is developed from these sinp^le notions. 

Such are. then, the three great sources of Japanese ethics. It is 
like the foam produced l)y currents of water. The water is the source, 
but when foam is jnoduced it dillVrs fnun actual water. So Japanese 
ethics are ju'oduced by the intermingled notions of these agencies, but 
they are no longer of the same substance a.-> their source. I mean to 
say that our ethics have formed their shape cpiite independently of 
the orthodox or dogmatic parts of any religion, and people regard 
them as such in the same way as one would ordinarily regard foam 
as ditl'ering from water. I will now explain how this has been 
Itrought about. From about the sixth century of the Christian era 
C'hinese study was introduced into Japan, and almost simultaneously 
lluddhism was also introduced to our country. The study of Cliinese. 
as 1 said hefor(‘. means the stiid\' of Cliinese ('thics. and 1 may say 
that Chines(‘ has become almost like our own literature, though we 
had our vernacular literature coexisting, d'he study of ('hint'se. 
therefore, meant the introduction of Chine'^e (dhical notions, in the 
sami* way us the stiidy of (ireek or Latin introduced (ireek or Ivonian 
notions into Enro[)ean countries. Thi", however, did not mean that 
it supplanted our own ideas of morality, but it rather su])pleniented. 
and augmented our notions in >o far as it concerned the nomenclature 
and classification of ditfereiit ethical virtues. A^'e did not mean to 
make ourselves slaves to Chinese notions, wi' rather utilized C'onfu- 
cianisin : and therefore Confucianism, as interiireted in -fapan. is not 
the same as (huifncianisin in China. Tlu're is a story told of a Jap- 
anese professor, who was .a diH'ply read ('hinese scholar, and his pu- 
jtils. The master once asked his pupils: "Suppose C’hina invaded 
Japan with an army led by Confucius himself as the generalissimo, 
and assisted by Alencins as his liimtenant: what would you do f 
The jiupils I'ejilied: " It voidd be our bonnden duty to take up arms 
unhesitatingly for our country and beat and crush them to pieces.” 
Thereupon the master smiled and e.xpressed his glad assent. This 
will show how we interpret Chinese teaching. 

Then also Ihiddhism. poor as it is in ethics, has contributed some- 
thing toward forming our national character, in that it has indi- 
rectly assisted in inculcating gentleness and also kindliness to living 
beings. I may go a step further. Ihiddhism itself, as interpreted 
in Jajtan. is not the same Ihiddhism as it was originally. It had to 
accommodate itself to the requirements of the country, 'hhen. also. 
Buddhism in China and Japan is studied in books which are trans- 
lated into Chinese, and tlnuad'ore the priests who stiulv their own 
religion have also to study Chinese, which. T repiait. involves the 
study of Confucianism, and therefore they are familiar with that 
teaching. The Japanese priests, therefore, made use of Shintoism 
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and Confucianism in their own teaching on any points where they 
found their own teaching was deficient — that is to say, they did so 
ill practical and moral teaching. And not only that, we notice even 
the dictum of Buddliisiu itself is sometimes modified to suit such 
purposes. I mentioned ahove four lienevolences spoken of in Bud- 
dhism as l)('ing the father and tiie mother," “ tin' ruler of the land," 
"all heing." and “the three treasures." I do not know Avhether this 
is to 1)1' founil in the Sanscrit original: I think it is not. It sounds 
uiori' like a ('hiiiC'e Budilhistic notion. It is still further modified 
in an old Japanese hook as "heaven and earth." "the ruler of the 
land," ■■ the father and the mother." and " all beings." And thus for 
•• the three tri'asures " is substituted " heaven and earth." This 
occurs ill a passage wliich is juit into the mouth of a famous Shige- 
mori in a rliscoursi' which he made when lu' severely admonished 
liis father, d’aira-uo Kiyomori, though witli filial tenderness, when 
till' latter had iiehased liadly toward his >o\ereign the Emperor. 
The passage is to be found in a famous book written in the middle 
of the foiirtei'iith century liy Kitaliataki' ('hikaftisa. who was a cottrt 
noble, a royalist, and a man with much Iniowledge of Bitddhism. 

Ih're I have to speak of Bxishido. d'he ti'rm. as wc'll as its general 
ptirport. has been of lati' madi' widely known in tliis country: but. as 
many peoph' nish it. I will say something about it. although it may 
b(' otily. as we say. "adding legs to tin' picturi'of a serpent " — I mi'an 
it may bi' cjuite an umu'ci'ssary addition. Biishi liti'rally mentis a 
military gentleman or. in more common English, a military man, and 
"do" literally means a road or way. and in its e.\tended significance, 
a principk'. a teaching, or a doctrine. The term for " bitshi " in ohl 
refined Japanese is " mononofu " and tin' term for " do " is "inichi:" 
Ihi'rc'fori' th(' more retim'd ancient Japanese iiaim' for Bushido was 
iMononofu-no-Michi. Tlu' origin of the " bushi " is as follows: They 
were originally largi' or small landlords of the jiroviiicial parts of 
Japan, ami had their retainers or vassals. At the time when, in tlu' 
court of the Empire, over refinement, or rather etl'eminact'. succeeded 
('iilightetnneiit. ami iiobk's who Usually resided in the capital caiiu' to 
(h'sjiise military ~er\uce. those landlords and their retaim'i's began to 
play military roll" iimh'r ditl'erent distinguished leaders. 'I'lu'v were 
more proniiiieiit in the eastern jiarts of the countrv. called Kwanto. 
namely, the large plain, in the middle of which modern 'rokvo. is sit- 
uated. B ith the march ol events, wdien the goi erning jiower fi'll into 
tile hands of the military leadi'rs. these landlords and their retainers 
began to form an hereditary class, and the svstem e.xteiided to the 
whole country. This the origin of Daimio and .'^amnrai. I do 
not say that in the case of lati'f di'velopineiits of this svstem all 
Daimio and Samurai necessarily belonged to the same ancient stock. 
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because at the time when the comitry went throneli many stag-es of 
war many new men ajijieared on the ''cene and enlieted themselves in 
llie ranks of the Samurai, among them the hii^hi. eeveral of whom 
l)ecame Daimio^ themseh’es l)y their per-onal valor and the distinc- 
tion they attained. But I may say that, on the whole, the successive 
stages of the clas^ always iidierited and handed down the same sort 
of s,‘iitiments and notion'' as their ])redece'"'ors. 

IVe may. in a measure, compart' this military class with the country 
s([uires in this country, who gradually ht'came haroiis of the middle 
ages, togetlu'!’ with their childri'ii and retainer'. " Ihi'hido " is no 
other than the doctrine held and cherished hy that class as its code 
of honor anil rule of discipline. In the earliest days of the develop- 
ment of that chis' indix iduals forming it were not ctiltured or en- 
iighteiied in the sense of lu.\urioiis refinement: in other words, they 
were mostly illiti'rate. But. on tlie other hand, they were mostly men 
with healthy notions of manliness in conti'a't to those who usually 
lived in thi' capital town where literary and artistic culture tinder 
Chinese influence had heen attained in a marked degree. The 
motive and sense of their cidture were therefore more like those be- 
longing to primitive Japan, tiiistained by foreign inlltteiices. The 
families belonging to this cht's were called in their early days "the 
hott.ses of the bow and arrow." Needless to say that the ettrly 
projectili' wi'ajioiis of warfare were the bow and arrow, and they had 
a. ])lace of honor among the warlike instruments of those days. 
Little by little a phra'C " yumi-ya-no-michi." literally meaning "the 
ways of the bow and arrow." came into I'.xistenci'. and it was the origi- 
nal name of Bushido. .Vt first, jierhajis. the word referred more es- 
jiecially to the jiroper use of the instrument of war. but it soon came 
to signify something more. There were many ceremonies and eti- 
ipiettes which grew up with a warrior's life and military atfairs. not 
only with ivference to his comrades or to his superiors and inferiors, 
but also with referi'iice to how he -hoidd comjxrrt himself toward 
his enemy. At the bottom id' all these mattei's there lay the idea of 
honor, not merely one's own honor, but al'o a compassionate regard 
for the honor of the enemy. All these ideas came to be imjjlied in 
the term " the ways of the bow and arrow." Here we see that special 
moral sentiments were being awakened among this class. Bushido, 
however, has no particular d(>gnia or canon, except such as grew from 
jiractice and except tlio'c of which we can gather some idea from in- 
structions given by certain leaders or by certain teachers of militarv 
cerenionii's oi- science in th' way of interpretation of such matters. 
Here we have an instruction given to his men by Yoritomo. the fii’st 
shogun, and therefore one of the early leaders of the system. The 
essential iioints of the instructions are these; 1. Practice and mature 



302 


THE ETHICS OF JAPAN. 


niilitarv arts. 2. Be not paiilty of any base or rude condnet. 3. Be 
not cowardly oi' etreniinatt' in behavior. 4. Be simple and fruixal. 
5. The master and servants shonld mutually respect their indebted- 
ness. ('). Keep a promise. 7. Share a common fate by mutual bond- 
age in detianee of death or life. 

We may say that notions such as these were the foundations of the 
ethical jnirts of Bushido. These will mean when inter])reted in ethi- 
cal ti'i'ius of the Chinese school: 1. Diligence in one's profession. 2. 
Love and loyalty between masti'r and servants. Decorum and })ro- 
pri(‘ty. 4. (fallantry and bravery, b. Trustfidness and justice, (i. 
Simplicity and frugality. 7. Contempt of meanness. 

At the bottom of these lay the sense of honor. AVheii speaking of 
any action as unworthy of a bushi, the following phi’ase was custo- 
marily used in early days, ■' It is disgraceful in tin' presence of the 
hand of tin' bow and arrow." as in later days one would say " a dis- 
grace to bushi." in the same way as you would say in English. " It is 
nnlx'coiuing to a gentleman." The term '• bushi " has in many ways 
a similar im'aning to "gentleman" in English. Bii'liido. of course, 
encouragcil bravery above all things. In an old book describing the 
war Itetween (leu and llei, an account of the bravery of bushi of 
Ivwanto — namely, the jtlain above referred to as that wlu‘r(> Bushido 
originated — is put into the mouth of a general of llei as having bei'n 
addresseil to his generalissimo, who commanded tin' army of llei. 
which was formed of rei-ruits coming from Kioto and its neighbor- 
hood. 4’he narrative was to this eti'ect : "Aceording to the usage of 
the warriors of the East, the son would not withdraw from the battle- 
field, though his father might die. or the father would not think of 
retiring thotigh his sou might fall. He woidd advance and advance, 
and jumping over the dead, would Hght regai’dless of death or life. 
As t(; our own men. they are all weakly recruits from the neighbor- 
hood of the cajiltal (where < tfeminacy reigned at the time). If the 
father were wounded, the son and all the members of the family would 
take advantage of thisanil I'etire: if the master were killed. his follow- 
ers would utilize the chance and. hand in hand with their brothers, 
would withdraw and disappear." This may be a somewhat exagger- 
ated account, but it will show how greatly the original bushi estimated 
bravery in the same way as <'ur men do in thes(' davs. 

In addition to tlit'se characteristics some other fi'atures which were 
brought into moi'<* prominence are entitled to be singled out — mimelv, 
fortitude, genei’osity, imperturbability in tin* prc'cnce of danger or 
on any unexpected occurrence, compassionateness. and straightfor- 
wardness. This kind of attitude was inculcated e\en in jihvsical 
exercises of did'erent modes of lighting, stich as fencing, jiractice 



THE ETHICS OF JAPAFT. 


303 


with the H2tear, and There a vei>e (■omito>ed by a Jajta- 

nese which may be translated thus : 

Even in the eyes of the warrior 
Whose beard is ten fists loiifc. 

The one thing that softly flows from them 
Is the t('ar which is due h) love 

This a fitly exijresses the innate tenderness of heart of a Jafianese 
warrioi'. There is another verse eomjiosed and fienned by Com- 
mander Taken Ilirose in C’hinese just before he went to his doom on 
th(‘ occasion of the sm-ond b{)ttlino; iiji of Port Arthur, and which, 
therefore, constituted his last utterance in this world. Translated 
into Enolish it runs as follows: 

Woidd that I eonid lie liorn seven times 
And saeritiee my life for my country ; 

Hesolved to die. my mind is firm. 

And again ex|ieeting fo win snccess. 

Smiling I go on lioard 

This will show the fortitude and determination of a biishi at the 
hour of his exit from this life, and though Ilirose was a man of our 
own day. he may b(‘ regardcfl as one of tlie best types of an old bushi. 

Bushi is not foreiirn to Shintoism. As it matter of fact Iiushi gen- 
erally r('spt‘ct Shinto deities, iind. moreover, some military c(‘remonies 
were jxu'fm'Uied in the supposed prewiice of a .Shinto god. Btishi 
openly invoke the god of war without aiiy compunction, but bushi 
never have tloiie so in a bigotetl way. It was more in the way of 
reverence paid to a deity of their inheritiHl cult. They were never 
devotees of .Shintoism as a religion. 'I'his sort of sentiment of the 
Jajianese is verv dilHcult to explain with clearness, but my meaning 
is that though they do not desjiise religion they iflace more im- 
portance on the a Hail s of the world and on their own exertions in 
the matters which they undertake. The .ssamurai do not worship 
their deity in order that their souls may be safely rescued in the 
future. I can therefore say that Bushido, as such, has no bearing 
njion Shintoism. It has its own imlejiendent existimce. although to 
the extent I have just referred to it has its comuM-tion with Shinto- 
ism. In other words. .'Shintoism was a cult founded upon our old 
customs and traditions, and therefore Bushi also shared the senti- 
ments pervading that cult, but we can not say that -Shinto has jiro- 
duced Bushido. 

And again, bushi do not despise Buddhism; on the contrarv. many 
(;f them may revere it. but Bushido, as such, has no connection with 
this faith. In flocuments they often mak(‘ use of a phrase in a vague 
wav. ■■ by the Indii of Shin-Biitsu." meaning both the .Shinto deity 
and Biuhlha : but it does not mean that it has any foundation in 
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Butldliisni. If a bnshi ivcro a believer in Buddha he probably would 
not like to show it. We have a story about Yoritonio. the lir^t head 
of the Shogunate. When he first started in his youth his (•ain]:)aign 
against Hei. and hid himself in a mountain nook, having been de- 
feated by his enemy he took out from hi> queue a small image of 
Kwanin (Kwannon) which he reverenced, saying. ’Mf my head be 
taken by the enemy it would not be becoming to the generalissimo of 
Gen if this image were to be discoverc'd." This will give you an idea 
of the way in which Buddha was viewed by biishi. .Vs w(' all know. 
Buddhism chiefly speaks of the future world. The idea of the bushi 
Avas that it was an act of cowardice if one niert'ly did good because 
one Avislied to be saved in the future world. Their idea was that 
good should be done for its own sake, and therefore if oiH‘ belii'V('d in 
Buddha he had a sort of apprehension that he might be considc'red a 
coward. Of cour.se history is not wanting in many instama's of great 
warriors believing in Buddhism, but in many cas(>s this fact had no 
great significance as far as their conduct and conscience were con- 
cerned. There was. however, om* feature in which a certain aspect 
of Buddhism had a considerable influence in molding llushido; it 
was the influence of the teaching of tlie Zmi sect. 4'his riM|uires some 
explanation. In the thesis of Btiddhistic teaching there is included 
the idea of absorbing ('verything in the nni\erse into oneself: in 
other words, mental annihilation of all things exce])t oneself. This 
is done by long and fixed meditation, and at least so far as he himself 
is concerned, a man can for the moment imagiiu' and realize nnuilally 
that he is the oidy being in the universe, and all other things becoiiK' 
nothing. Hence, when he is accustomecl to meditation of that des('rip- 
tion. nothing Avill ever surprise or frighten him. 

There is a story about Ilieuntsang. the famous Chinese Buddhist 
of the Tan period, who t isited India. This j)rie.st was once cauiilit 
by a band of robbers. He sat quietly down and begun to meditate 
in the way described abo\'e. The roi)bers tried to intimidate him by 
threatening him with drawn sAvords pushtal right into his face: but 
the priest took no notice AvhateAer of what they Avere doing to him. 
and remained entirely unmoved. Tlu‘ robbers, observing tin* atti- 
tude of the priest, and thinking that he must lie an extraordinarv 
personage, all Avent away and left him alone. This phase of Bmi- 
dhisni Avas introduced into China. Avhere it became the ladt of one 
separate sect of Buddhism. Bodhi-Dharma. an Indian jiriest. who 
visited China, is commonly accejited as the founder of this s^ct. 
Avhich practices meditation more than do other -ects, hut of (•oui'se 
meditation is not its only feature. In general, we may sav it is more 
philosophical in the -ensc of regarding the universe in a nihilistic 
sense. This sect is called Zen. and it has been introduced into Japan 
also. It was patronized by several eminent bushi in its earlier stages. 
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Perhaps it was liked by them in that, aefordiug to its doctrine, a man 
puts aside the idea of reliance upon another and places hinl^elf above 
everything el>e. and it was fomid to have an agreeable resemblance 
to the spirit of self-reliance incnlcated 1)V Piishido. In the second 
place it repels all ideas of luxury and display and values simplicity 
ami cleanliness, and in that res})ect it was found to Ijear an agreeable 
resemblance to the frugal and simple life of the biishi. Thus the 
Zen came to exercise its intluence over the laidii. but not at all in the 
sense of believing in future felicity: quite to the contrary, from the 
very nature of that sect. This intlnence of Zen s(‘(‘nis to have helpcnl 
to a great extent the development of some of the characteristics of 
Bushido, such as imperturbability, stoicism, fortitude, and simplicity 
and cleanliness of thought or body. Here 1 may add that many traits 
of Bushido ai’e no doubt to be found in the Euroj^ean knighthoods 
of fornuu' days, and therefore they are not really new to the Euro- 
peans who still remember those traditions. 

The weakest point of Bushido in its earlier stages was its want ot 
literary culture in the way of systematic ethical study, hence it easily 
hapjtened that a thing one might regard as correct might not be cor- 
rect in reality when examined from a higher point of view. This 
difficulty was (-specially observable when two obligations canu' into 
conflict, and one had to Ik* preferred to the other. The biishi. in the 
earlier stages, knew more about their duty to their immediate niaste?- 
than to higher ones: hence their difficidty in discerning their duty to 
the supreme ruler of the land and their immediate head. Of course, 
they knew that the Emperor was the highest pcusonagi' in the country, 
but they were unable to find out an ethi('al solution of the (piestion. 
and indeed in all matters they wanted more systematic enlightenment. 

These wants, however, have been supplied gradually as time went 
on. esjtecially during the last three centuries. During this period 
almost unbroken ])eace reigned in the country. It ceased to have anv 
intercourse Avith foreign countries exce])t in a limited sensi*, but inter- 
nally all branches of art and industry W(‘iv encouraged and develojjed 
side by side. The study of Chinesi' and of native classics have been 
carried out in all jiarts of the land, and it was the bushi who chieflv 
devoted themselves to such culture. Bushi or samurai Avere retainers, 
as everyone knoAVs. of their lords, and certain ]tensions Avere given bv 
their lords to each family, according to their rank, so that they had not 
to work for their oavu living. Ileiu’e their only dutv Avas to make 
thems(d\-es physically and mentally fit to fight for their hjrds in time 
of necessity, and in times of peace to make themselves as much like 
gentlemen as possible. In other A\-ords physical training and mental 
enlightenment, together Avith tin* refinement of their manners and hab- 
its. Avere their soh* business — they had no other occupation. Eor. 
indeed, any otlnm occupation Avliich partook of the shape of business 
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coiidneted for profit was forbidden and was despised among them. 
Ihtshido eaine to be deeply imbued with the principles of Chinese and 
-Ia2)aiiese chi'^ics as they were taught. 

I have shown abo\'e that in the systematic exiiosition of ethical 
ideas. Confucianism was the richest of all, and the essential jiart of 
it was taken by Bii.'hido; as I have also shown aljove. there are many 
defects in the Chine''e teaching; all the iininniortant jiarts were cast 
away and the imjiortant parts were taken into the teaching of 
Bushido, and even these parts only in such a way as to suit our 
national traditions and characteristics, the essential sjiirit of Shinto- 
ism also lieing resuscitated in such a way as to give an innietus to 
Bushido, though in no (trthodox manner. Such tlien is our Bushido. 
The bushi formed the governing class of tlie fJajianese society, and 
it may lie said the educated class also, or in otlnn- words the bushi 
may be called the gentry of the country. We can, therefoi’e, say 
that Bushido was the ('tides of dapanc'se society. In one way it may 
be said that Bushido, as such, was a monojxdy of the military class, 
but ill truth its spirit was not confined to this only; the literary study 
of ChiiRs-e, as well as of native classics, was not lu'cessarily limited 
to the military class; hence the same notions which were imbued in it 
through these studies were also (piietly extending their influence 
among iieoide at large — among whom, I may add, there were' iiiaiiv 
families of old bushi, or families which were (piite e(|ual in their 
-tanding to the biishi class. Moreover, the spirit of Bntshido has 
also been making its influenci' h'lt by other ]ieople. Thus w(' can see 
that the nation has been [>rei)aring itself for centuries for th(' pro- 
motion of moral ideas of th(‘ same Icind as those of Bushido. 

The cardinal jioints of oriental ('thics, as may be exiiected, are 
loyalty and filial piety. In China filial ])iety taki's iirecedence. bur 
in Ja^ian loyalty stands first. There is a jxh'iu by Saiu'tomo. the 
third shogun of Kamakui-a and second son of the first shogun, which 
may be translated literally as follows; 

Tlu' sea may ilry up. 

The niixintaiii m.iy Ixirst asiuxter. 

But ixi duplicity of tlimiglit 
Sh.ill I have to lu.v sovereiiru. 

.''such is the idea of loyalty which has bet'ii taught to the Jajianese 
for centurit's. Side by side with loyalty the idea of patriotism — a 
term which in Jajxuit'se is idmost identical in its jnirjiort with loy- 
alty — was also iuculctited. though the dt'velo[)ment of this last idea 
was lat('r than the former, fllu'n. tilso. till tlu* other ideas rt'lating to 
('thics. ('specially on the lines indicated in Confucianism, were incul- 
cated sid(> by side. ith the abolition of the feudal system, some 
thirty years ago. the structure of Jajianese society was totally 
changed, or rather restored to the condition which preceded the 
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‘isccnclency of the military class in the twelfth century. The ques- 
tion now arises. What is the actual state of ethics in Japan at present ? 
Tliere is a new element which has been introduceel into Japan in re- 
cent years, and it is in the form of Christianity. The constitution 
guarantees freedom of conscience, and therefore there is no hindrance 
to the projiagation of the Christian doctrine with its moral teaching, 
a.nd, as a matter of fact, there are a number of Japanese who have 
embraced that faith, but they ar(' after all a very .small minority com- 
pari'd with the number of the whole Japanese population. The es- 
sence of Japanese ethics is the same as e.xisted prior to the new epoch, 
with certain niodilications actuated by the new force of the altered 
<-onditions. which, after all, are only in small details. I may say. in 
a word, that the Japaues(> ideal ethics form an extension of Bushido 
among the peoj)l<‘ at largt' from tlu' none.xtinct class of Bushi with 
whom it origiuatefl. .Vs to how they stand at pr(‘sent and how they 
an' inculcated among tlu' pt'oj)!*' at the jn-esi'iit time, I must refer my 
audience' to an article entitled " Mora! teaching of Ja[)au." which was 
contributed by me to the Id'bruary uuml>er of 'hhe Xiuteenth (V'lititry 
and Aftt'r. 'Fhe splu're of the teaching is exte'iisive. as is necessary 
from the very nature of the matter, but its esse'iice may be summed tip 
in a ('omparative'ly small compass. For this I can not do better than 
quote a part of the so-called " Inqjerial Educational Rescript " given 
to his people by tlu' presi'iil Emperor. It is quoted in my article to 
which I have just refi'rred. but I will n'citt' it once more: 

It is eur desire that yea. enr sniij^.cts. he lilial te your parents and well 
disposed to ^uur la-others .-ind sisters. Ltd luishand and wifi* dwell liarinoni- 
ously toitether : let frii-nds he inntnally trustworthy. Iniiiose n]ion yourselves 
self-restraint and rectitude of liehavior. K.-vtleiid to tlie nmltitudo philanthropy. 
.Advance learniiiir and retrulate ;.our inirsuits, develoiiiiii; the intellectual facul- 
ties and ]ierfe<-tin!i the virtuous and useful eleUK'iits. Further set-k to enhance 
tlie public irood and enlichteu tlie world hy deeds of social lienelit. Treasure 
always flu- fundamental constiiutioii and respect tlie national laws. In any 
enieraienc.v exert yourselves in the puhlii- service and e.xliihit voluntarily your 
bravi'fy in the cause of order. .Vud hy every means assist and promote the pros- 
jierity of tlie iniiierial reitime. which is lastimr as the he.ivens and the eartli. 
Thus you will not only he onr loyal subjects and ^ood citizens, but will manifest 
the hiydiest and best traditions o1 your ancestors. 

Such. then, ai'e the es'-ential phases of the ethics of Japan. They 
mtiy he far from reaching your lofty ideals and expectations, but we 
are contented with tht'ir general tendency, while at the same time 
we do not forget to inculcate the necessary furtherance and expansion 
of our ideas re<|uiri'd by the changing circumstances of the time. 

are liki'wi^e mindful of the ilesirability of carrying them out in 
such a way as not to conflict with the best ideals of any other country, 
for our soil' aspiration is to preserve harmonious relations with the 
whole of mankind. 




PLAGUE IX IXDIA.' 


By CiiARi-Ks Cheiuhton. M. D.^ 


years the subject of plajrue in India was brought before 
this society in a [)apei' liy Mr. Ucrl)ert Lirdwood. which dealt with 
the first epidemic in lloiubay city iii bsUC)-!)! (Journal. February 
ys, fs'.). \()l. xi.vi, p. ;>().'>). Mr. BirdwoodV iulimate account of 
the beginnings of the infection, of its rapid e.xlension. and of the 
efforts made to cope with it will nunain a document of importance, 
both by reason of tlie frt'sh impression of so novel an experience in 
an Indian city under British rule and also because it was the first 
chapter <»f what is lik'cly to ju-ove a long hiAory. At tin* date of the 
paper a second plague siatson in Bombay had begun, which ])roved 
to be moi'e disasti'ous than the lirst : the citii's of Poona and Karachi 
weiH' also infected sexerely. and there were many minor centers 
along the whole coast northward to Cutch. and in the transinontaiK' 
districts of Satara and .'sholapur to the south, as well as two small 
spots of plague more than a tlnui^and mih's away in the northwest — 
one around Hurdwar and tin' other in villages of the Jullundur 
doab. By that time the government of Imlia was naturally alarmed 
at a threatened invasion of the whole country, and ap])ointed. in 
.\ugust. IS'.ts. a commisAon of lixe to conduct an investigation sjxec* 
ially defined as of a scientific character, into origins and xvays of 
spreading, as xvell as into the modi* of treatment by serum inocula- 
tion and the mode of prex’ention by inoculating a solution of dead 
Ixacti'fia. Lhat commission is noxv ancient history, so that I am at 
liberty to ri-mark that thei’e xvas not a single epidemiologist upon it. 

and that its "scientific chai'actiu'" xvas ruined by txvo cause; first. 

becaus(> the txvo medical nicnd)ers who xvrote the report put aside 
such evidence as did not come xvithin their liacteriological ])oint of 
view. and. secondly. Ixecause the two depai’tmental membi'i's xver(> 

« neia'iiiteU liy iH-niiissioii. witli aiilhor’s certvctions, t'rem .Tnunial of the 
Societv of .Xrts. Loudon. Vol. Lilt. Xo. aiB!. Friday. June Itj. liHCi, Itead 
before tlie Indian section of tlie Society of Arts on May IS, tOO.j. 

i.Vuthor of a History of Eiudeiuics in Britain. 
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disilieliiied to look into the erii'rs of oini.s.-.ions of sanitation which 
had jH'epared the way for plasne. especially in Bomliay city. 
However, the witne^se^ contrived to say a jrood many things, proprio 
inotu. which make the three volumes of evidence valuable and inter- 
esting reading. 


I’RESENT AREA. 

When the coinmi^-sion began its work in Xovember. l.sOS. the cen- 
ters of infection were many and widely .-catteri'd. so thiit sittings to 
take evidence were held at places as far a[)art as Bangalore and 
Lahore in one directi(ju. f’aicntta and Karachi in the other. But 
the infected area was still com])aratively small. There was no plague 
in the iladras Presidency, none in Bengal excejuing at Calcutta, none 
m the United 1‘rovinces excepting over a small part of the <listrict 
of .'^aharanpur. and none in the Pun jal) e.xcej)ting in one small spot of 
the Jullundiir doah. During the lavxt six yeai-s tlie area has been 
extended enormously, but still within notable limits. Th(> Madras 
Presidency has continued almost entirely free. and. what is more 
remarkable, also the ^vhole of Oris.-a. I.,ower Bengal, and Assam. 
It is the northwestern [)lains that have Ix'come tin' chosen seat of 
])lague. from the Jh(‘lum llix’er in the north to a itoint on the (langt's 
abotit -‘iOO miles al)ove Calcutta, while tlu' original area in the Bom- 
bay Presidency has extended. 

Thos(‘ regions of India which hav(‘ been proved by an e.xperience 
of tiiiie years to be the great mats of plague are shaded on the map. 
(Fig. 1.) They look somewhat compact and (•ontiniioiis in two divi- 
sion: — one tlu> plains of the northwest. th<> other the alluvial valleys 
of the Deccan and Cujarat. This does not ])roft‘ss to be an exhaustive 
maj) of ])lague. For example, there have been many deaths from first 
to last in the native .'States of Mysore, Hyderabad. Indore, and Ea jpu- 
tana. and in the British Central Province's, lait far more in the cities, 
such as Bangalore. Indore, and Jubbiilpore. than in the villages. 
.VFo in Siml. Karachi was not the only jelace infected at tir.st, 
although it remains almost the only place now. If I had shaded 
every one of those exte'iisive ami sparsely [)opidated tracts of country 
wIk'D' ])lagut' has ever been in those years. I slniuld have' produced a 
confusing, if not a misleading ellect. IVithout being exhaustive, 
the blue coloring in the map on the wall shows fairly enough where 
the iut(Te't really lie', and it covers tho.'C pails of the Bombay 
I’resiik'ncv and of the northwest to which I limited myself during 
a recent tour of three months, which was undertaken at the instance 
of the lA'igh Browne trust. 
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SOME riGUKES. 

I do not intend to be statistical, but a few round figures may be 
given to bear out this coloring of certain n'gions on the map. First, 
as to the dark area in the south of the Homliay Presidency. The tliree 
disti'icts of Satara. Belgaiim. and Dharwar. and the native State of 
Kolhapur have each returned an almost equal total of plaa'U(> deaths 
during the last four years, viz. 1-20.000. being an average of 80.00<) a 



year for each in a population of about a million. The adjoining dis- 
trict of Bija|)ur had over 20.000 in each of the two last seasons, while 
Shola[)ur and Khandesh have each had one sea-'on of 2.1.000 in the 
more recent j)eriod. But in tin* I’unjab those large annual totals have 
been exceeded in several districts. Sialkote had 50.000 deaths the sea- 
son before last. Ludhiana almost the same number three vears ago. 
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Gnjranivala 30.000 last year, and l.l.OOO the year before, ivliile the old- 
est centers of infection in the Punjab, the adjacent districts of Jul- 
Innder and Hoshiarpnr have shown a steady increase for three years 
running, reaching last year to 30,000 plague deaths in the one and 
25,000 in the other, with the promise of quite as many this season 
when the rtUunis are completed. For a single week last year in the 
end of April or the beginning of May, which is the height of the 
])lague season in the Punjab, four of the districts returned 4,000 each, 
whilt* half a dozen more returned from 2,000 to 3,000, In the Ignited 
Provinces until this year no district has come near to those enormous 
weekly maxima: hut at lengtii Muttra has reached 4,000 plague 
deaths in a week, while (ihazipur and Agra have each had a highest 
weekly total of about 1,C>00. In Rebar the worst district has been 
Saran, the poorest and most crowded part of India, which has 
reaclu'd 2,000 a wei'k, while two or three otluu- disti’icts of the same 
Patna division hav(> had each over 1,000 a week at the height of the 
plagiu' seas(Ui, laist year the plague death- in all Iiulia totahal over 
a million, of which nearly 400,000 came from tlu* villages of the 
Punjab and 300,000 from the villages of the Bombay Presidency. 
Last year the worst week was that ending the 2d of .Vpril, with a 
total of 4<>.320 plague deaths. This y(‘ar the week ending the 1st of 
.Vpril had a total of 57.702. the incnaise being more' than accounted 
for by the unusual s(>verity of the infection in c(u4ain districts of tin' 
.-Vgra Province, and in tin* adjoining districts of the Delhi division of 
the Punjab, as well as by the extension of area eastward in Behar. 

I’LA<U'I'. .\X ot.l) .\XI> WF.I.I,-l Xt)KRSTOOI> I X l'K( TIOX. 

To an epidemiologist this enormous prevalence of ]ilague steadily 
from year to year among the rural po[)ulation of India is peihaps the 
nio-t remarkable jihenomenon in hi- science. It is all the more re- 
markable that we have lU'ver thought of India as a great seat of 
plague in fornu'r times, such as I.ower Egypt, Syria, and Irak had 
been dui'iiig many centuries of Mohamnu'dan rule, and that we were 
beginning to look upon idagiK' as a thing of the past everywhere. In 
writing the article on " (Quarantine " for the Encycloptedia Britan- 
nica twenty year- ago I gave m'arly all the space to vellow fever and 
chioh'ra. remarking of plague that " for many years it has ceasetl to 
have any practical interest in this I'onnection. " although it had been 
lilt' original oliject of all the (luarantiiK' laws of Europe. And to 
show that I was not -ingular the paragraph on port (luarantine in 
the Bombay Sanitary Commis-ioner’s Report for lSs7 has this sen- 
tence: Plague and yellow fever have never to my knowledge existed 
in Romiiay, and are not in ]n-esent circumstances ever likelv to be 
theie m«‘t with " (T. (1. Hewlett. 1. c.. p. 82). The outbreak in Bom- 
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bay nine years ago was a surprise; bnt the greatest surprise of all. in 
a hi^torical sense, has been the endemic settlement of the infection in 
Ihe plains. This is, indeed, a real novelty of the present situation to 
epidemiologists, as well as a very serious practical matter ; but for the 
lest plague is a very ancient disease, and, I take leave to say, very 
well known in its type and in its habits to those who are competent in 
such matters. There is just as little mi'stery about plague and just 
as much as there is about cholera, or yellow fever, or typhus, or en- 
teric. and there is actually less mystery about it than about those 
everyday domestic incidents, measles and scarlatina. What. then, 
is the meaning of the claptrap about “our ignorance of jilague ? " 
So far as I can understand it has arisen from the fashion which the 
public and the newspapers have adoiited of thinking bacterially about 
diseases. Bacteriologists, when asked to explain plague, are found 
to be not so lucid as usual. Tliev are at fault in the pursuit of the 
bacillus outside the liody. It runs to earth and gets lost in a crowd 
of other bacteria in the soil, or tlisguises itself as a saitrophytic mold, 
or perishes outright in the struggle for existence, although thei’e is 
no doubt al)out the infection remaining in the ground all the same. 
Tleiice. jjerhaj)s. the im[H'ession that more bacteriology is necessary 
before anything practical can be done. 

KKCKXT SCIEXTIFK’ 1)KVEL< >1>M f.NTS. 

As plague is not found to I)e contagious from person to person 
except in its pneumonic variety, everyone sees that the interest must 
center in the infection outside the body. In that connection research 
in India has added only two n()velties to the ohh'f body of doctrine, 
both of them of the minor kind. Xo one can deny, although some 
wotdd if they could, that the regular way of receiving the infection of 
plagtn' is by the breath: Imt inasmttch as rats in a laboratorv can be 
made to take plague, or something like it. by inserting a culture of 
bacilli at a jnincture of the skiu, so it is sought to jirove that there 
may 1)(> something corresponding in human experience. One theory 
started in India is that the infection may enter through wounds 
of the feet, as the people of that country so often uncover their feet 
ceremonially and so many of them go barefoot for want of shoes. 
This theorv is of coui'-e inapplicable to European plague, for exam- 
j)le. the great ])lague of London in lOO.j. But there is another theory 
devised to give moral sup])ort to the inoculation e.xperiment on rats, 
which implicates the rat himself: it is that the fleas which infest 
the I’Ot may introduce infection through flea bites on the human skin. 
d'h(' Austrian jdagiie commission, which was the first in the field at 
Bombay in ls!»7. had already considered whether mosquitoes might 
SM 190.5 24 
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not carry plague infection, for example, in the plague hospital 
(where they abounded), from a patient to a nurse: but they found 
that it wab not so. although everyone was bitten. 

Various other insects were next thought of. and at length the 
interest has centered in fleas as possible carriers of infection from 
the rat. Researches of a very minute and technical kind were started 
by this hypothesis on the lines of the well-known microscopic 
researches on moscpiitoes. Captain Li-ton has conducted, in India, 
a large amount of research upon the fleas which infest the rat. The 
question next arises whether those are the same species of fleas which 
produce the human flea-bites; then there is the question whether those 
who take plague had been bitten bv fleas in matter of fact : and, 
lastly, the question of microbes in the fleas. All this is. no doubt, 
a very promising field of academic inquiry ; and I am given to under- 
stand that the scientific expedition which has been announced with a 
flourish of trumpets as alxait to ju’oceed to India " to make a thorough 
investigation into the causes and origin f)f ])lague " is really going 
out to work in the laboratory at Kasauli. with a view to settling 
all those open questions in the hypothesis of flea-bites. 

PL.uu E i.orAnrriEs. 

Just as in a well-known jiapt'r read before a certain scientific club. 
‘‘ the theory of tittlebats ” was joined naturally to their habitat, the 
Hampstead Ponds, so I would wish to pass, with no abrupt transition, 
from the bacteriology of plague to the localities of it. Before I 
started on my recent expedition. I spent .several months in getting up 
the gazetteers of the districts which I meant to visit, partly to become 
acquainted evith a strange country and partly to note any facts as to 
population, poverty, kind of soil, height of ground water, canal irri- 
gation. rainfall, or the like, which might throw light ujton the inci- 
dence of plague upon some localities rather than on others. There 
was prol)ably some r(>ason why the villages of lower Bengal should 
have escaped i)lague absolutely, while those of Behar have had several 
bad seasons of it. or why the districts of Oudh should have had so 
much Ic'S plague than tho'C of the Agra jjrovince. or why the Punjab 
districts of Iloshiarpur and Gurdaspur have each lost SO.OOO by it. 
but the district of Kangra none, although it has an incessant traffic 
with them by the old and new Dharmsala roads. But the contrast 
which seemed, on paper, to lie the best worth investigating was that 
between the Bombay coa~t districts of Kolaba and Ratnagiri, and the 
districts across the Ghats from Satara to Dharwar. 
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PLAGUE-FREE VILLAGES OF THE ICONKAX. 

Take for comparison the district of Katua«iri and the adjoinini>- 
district of Satara. The coast district might seem to be in some respects 
the more liable of the two : it has a denser population, there is a con- 
stant traffic of the people between it and Bombay City (which is said 
to contain 100.000 natives of Katnagiri. working class and middle 
class), and it is as much an agricultural district as Satara. with about 
the same number of village communities and one-third more houses 
per square mile. Again, in matter of fact, jilague has been intro- 
duced into the numerous small harbors along the coast dozens of times. 
But it has never taken hold of the villages, and has been so little in- 
digenous in the coast places that the annual average of deaths for tin; 
whole district from first to la.A has been only 100. while that of 
Satara for the last four years has been nearly 30.000. 

PLAGUE IX TWO ADJOIXIXG UISTRICTS. 


RATN'.\^r.[Rr IHSTRICT. SATAK \ BTSTRICT 


Population. 

1.105, 

000 

Population 1,225,U00 

Yinage-.... 

1. 

297 

Villaire^ 1,;;29 

Pers'Oiis per 

stiuare luile 

270 

Persons per square mile 240 

1 

Yetir. 

I’latfue tleatli'. 

! I'lajfUe tlealli’s. 

1 

ls9*i-7 

:iu5 


1 

i2s 


«>il 


lAl’JI 

■{ stts-y 

2(0 


8, r>Rj 


276 


7, 9">3 I 

1900-1 

151 


ls2 

1901-2 

279 


r>i, 5s:i 

1902-;; 

55.S 


o6, -SJh ' 

1903-i 

7o2 


16.169 


190 


<• 2h. 275 


‘f To Febni.iry 

Clearly there is something ii' the Ratnagiri villages unfavoralde to 
jilague. and something in the Satara villages peculiaidy favorable to it. 
I have vir-ited both, and shall give hrietly what I believe to be the 
relevant ijoints of ditl'erence. The Konkan i- a rocky la'gion. Look- 
ing tlown upon it in that magnificent view from one of the " points ’’ 
of (Malta bleshwar. one might take it to be a great bai'ren land of red 
rock, but after descendiug sona* niih'-' bv the zigzag’ mountain road, 
one conies to patches of cultivation and to scattered hamlets, and at 
the end of d.") miles to a large villagt' surroiindi'd by cultivated field-. 

1 h(‘ map of the district '-how-' that then' ai’c manv such village's 
ludden in the foldings of the hills, and iaiilt usually along a stream. 
My notes relate to a village on the Savitri River, h miles from the 
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creek of the sea in which it ends. Everything is built of stone. 
There is an extensive ghat of dressed stone with steps down to a pool 
of the river. Facing the ghat is the village bazaar, the roadway 
paved with stone, the houses of one. two. or three stories with stone 
walls and tiled roofs, raised some 4 or feet above the road on plinths 
of dressed stone, and sometimes with stone steps below the plinths: 
the houses of the bazaar in a continuous row with doors close to- 
gether. but the rest of the village more dispersed along the main 
road and side roads, at one point forming a hamlet, while another 
part of the village is in scaittered houses across the river. The 
ground-floor rooms are as dark as they usually are in India. Avith a lire 
burning on the floor at the far end. The cattle are usually in the 
house, or in a A'eraiula. but sometimes in a shed of the small conujound. 

So far as concm'ned the Avant of light and air. and the keeping of 

cattle indoors, these Konkan 
village houses did not seem 
to l>e Avoi-'C' or better than 
c'lseAvhere. Tlu'ir masonry 
construction, their high 
])linths and paved roaclAvays 
Avere ])roper to a region 
Avhere stone is easily gcjt and 
Avhere the heavy monsoon 
rains — 100 inches average in 
the year — make durable' 
structure necessary. The 
other distinctive character 
of the Konkan villages is 
the more open order of their 
houses and small home- 
steads. which may extend 
a mile or mort' along one or both sides of a sti-cam, some' A'illages hav- 
ing only one long paved s{i-(>et with a row of houses on either side', 
like many of our oavu village's. This jeeculiarity of the Konkan vil- 
lages can be seen e\ervwhere upon the large scale iua])s of the 
Kolaba and Ihitnagiri districts (fig. g). Qn tPy of 1 inch to 

the mile it is possible to show the extent of the village site more 
accurately than by the conventional dot or small circle or ordinarv 
maps. This lantern slide shoAvs a bit of Ratnagiri district around 
the head of one of tin' muin'rous civeks Avhich run up gO miles from 
tin' sea. It will bt' observc'd that the small square's, or rhombs, or 
other geonn'trical finures. hy Avhich cartogi'aphei's indicate home- 
steads or clusters of hoUse~. are j)e|)])ered all over the surface, so that 
the houses of one village along a stream almost join on to those of 
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the villasre above or below it. Toward the southern end of the dis- 
trict the villages break up deliiiitely into scattered baiulets. 

What has been said of liatnagiri is true e(puilly of the State of 
Sawantwari adjoining it. which has had otdy .I itlague deaths several 
years ago. besides some .lO deaths among fugitives fi'oiu neighboring 
jdagtie districts. Also the Portuguese territorv of (ioa. with a far 
denser country jiopnlatioii than any of the British districts to the east 
of the (lhats. but scattered in innumerable small clusters of houses or 
bamboo huts beside their gardens and fruit grove--, is reported to have 
had no plague, although it is in constant eommimicatiou with Bombay 
by sea and with Dharwar and Belgumn by hill roads and the railway. 

i>nA(;t'F,-sTiu('i\EX V[i.n.\m:s f.a.st on tiik oiiats. 

Let Us now leave this po[)ulous coast region. ha])pily fi'ee from 
plague, or almost free, and 
cross the (lhats to th(‘ east- 
ward. d'he easiest of the 
mountain roads is the one 
that ascends from the coast 
to the hill station of Maba- 
blesliwar and de~eeuds on 
the eastern side to the 
Southern ilaratha Railway 
at Wathar. a distatice of 70 
miles. An hour oi' two Ix*- 
low Mahableshwar one comes 
in siglit of an altogether 
ditfereiit kind of country 
and a different type of vil- 
lage from those west of the 
Ghats. First, there is the 
iqjjjcr basin of tbe Krishna River, with gigantic precipitous sides 
of red rock and a ^lerfectly flat bottom, shaped like one of those oval 
bath tubs that are in common use in India. This lies in the district 
of Satara and taluka of AVai. which was full of }dague last cold 
weather, some of the plague villages being in sight on the flat plain 
below the cari'iage road. After [)as-.ing through the plague-stricken 
town of AAbii the road continues due east over characteristic Ih'ccan 
country, which is shown in this lantern slide extracted from the sur- 
vey map 1 inch to the mile (tig. 3). It will be seen that the villan'e- 
are now large, couqtact squares at intervals of several miles on a flat 
ground absolutely bare of intermediate houses or hamlets. In this 
small piece of map are iuclu{led village- whose name- T-ecur several 
years in the plague returns. I shall not give particulars of any of 
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these Satara villages, as I have others from districts farther south. 
But the tvpe is the same iu all those black-soil valleys of the Deccan 
watered hv the Krishna and its mimerons atllnents. What Sir 
Thomas More said of the towns of his media'val ITopia may be said 
of them: 

Whoso knoweth one of them knoweth them all. they he all so like one to 
another, as far forth as the nature of the ]>laee permitteth. 

They are all mnd villages inclosed within a ring fence of bushes, 
sometimes with gates and remains of a wall. Many of them are 
large, with poptilations ttp to 4.000 or over, comparatively few of 
those that recur in the jtlague lists having their jM)pnlation. as given 
on the margin, under four figures. In the first season of jdague 
among them. INOS, some villages lost more than a fourth part of their 
inhabitants in tuo or three months. Thus the village of .Shelwadi. 
taluka of Kavalgund. district of Dharwar, with a population of 
4.222. had 1.120 plague deaths in eight weeks of Octolxu-. November, 
and Deia'iuber. In the following talik' I have taken out tin* figures 
for a cluster of seven villages in the tahika of Hiihli. to show the 
severity of their first plague season and the e.xtent to which they have 
suffered in subseipient years: 



from iiUniKr in 

sff i.n 

nllinifx iicar Jliihli from 

ISHS to 

Utll.'l. 


VllllLgf. 

'Fopula-i 
tion ill 


1^99 1900. IWi. 

1902 

i9o:t 

iwn 

Tuijil. 

Bv.ili.itti 

isyl. 



799 

.'.0 75 

2J9 

271 

13 

1, 453 

luKalluilli 

2.20J 

MB 

t;o 

iHh 

202 

35 

1.293 

Hhtiiiiiiwti'l 



43.') 

22 44 ' 

1 

27 

17 

59b 


2 51.S 

77^ 

Hi 101 

12.-) 



1.161 


:i.015 

349 

9H 342 

261 

126 . 



HebMir 

2.713 ; 

270 


334 

155 . 


1 

759 


1.7U2 

3' >6 

10 

SI 

125 . 


' 572 






Two villages which I visited, one 12 miles from Belgaum, the other 
7 miles from Dharwar. will serve as samples of the large villages in 
the black-soil basin of the Krishna, each of them having had five epi- 
demics in the course of seven years. 

A JiKI.UArAI VlI.n.VOE. 

The Belgaum village was considered a rich one. the bulk of the 
cultivators bcung prosperous Linirayats. The pojuilation in had 

been f.-lsr), it had an area of 2.()()() acres, and it was th(‘ cattle market 
tor tlu> e.xten^ive pastures on the hills and downs to the northwest. 
I'h(' SOO 1h)Us<‘s (if the ^'illag'' covered <)4 acres, about (idO of them occu- 
])led by Lingayats and other castes of Hindus. 200 by Mohammedan 
butchers and cattle dealers in a separate quarter. It was inclosed by a 
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rin" of bushes, outside -wdiich ivas the invariable mudhole or so-called 
tank, with the Hindu biirnins: ghat and the ilohaininedan burial 
jdace on its high bank. The houses Stood upon a scales of slight ele- 
vations and declivities, in fairlv wide streets or lanes: they were (dose 
tog-ether in rows, but there was no extreme congestion. Thev were 
nearly all built of mud upon earthen foundations, but some were raised 
a foot or two on stone plinth-, and had a few courses of stone in their 
walls above th(‘ plinths: the stone being procurable from a tpiarrv in 
a hill 3 miles distant. As it was the dry season, there was much dust 
everywhere, and a general look of sordidness unrtdieved by a single 
amenity excepting an occasional carved doorway and two or three 
verandas. Some of the houses had been rebuilt within a few years, 
one last year on the old foundations. Some had considiwalile hatdv 
yards, very ill kejit, Imt most had no curtilage whatever. Vet in a 
perambulation of the tillage sitt' one met with nothing strikingly 
otfensive to sight oi‘ snudl. 

There had been IdT deaths from plague from August to October, 
hut no new cases for six week-, and the only evidence of the recent 
visitation was a number of padlocked doors. This outbreak was the 
lifth siiiee ISOS, and the sligbtc'st hitherto. I have compib'd from 
the records the following table, showing the whole history of plague 
in this village : 

Fire outbtcakx (ff itliif/iir in a cHlaf/r near Bvlyaiini. 

[ I’opulatiou, 4,5SC. J 


Year. Worst month 


: isyS.. Junc-Augiist 

I 15<y9. . August, September. 

i 1900 

1 1901. - July, August ‘ 336 

I 1902.. September, October i 225 

1903 

190-i.. -Vugust, September 147 

Total 1.S21 


The enormous loss of life in 1899 — over 700 — was felt in the census 
of 1901. which showed a great reduction from that of 1891. and the ag- 
gregate loss of two-tifths of the population in seven yeai’s must have 
left a good many houses empty. I examined only two of these, in which 
there iiad been deaths a few weeks before. Thev were both old and 
crumbling, built of sheer mud. without plinths, standing side to side 
on a slight declivity of the main street. Each consisted of a single 
square room, without window or back door, with an oil mill occupy- 
ing the center of the worn earthen floor, the occupants of both having 


Plague 

deaths. 

375 

741 
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been oilmen. The party wall between them was of mnd. only t> or 7 
feet high, and ernmliling at the top. ^o that the houses were open to 
each other across the whole pitch of the begrimed roof. Plague 
deaths had occurred in both, and in one of them five had died out of 
a family of six. There were several other padlocked dooi> on the 
op2:)osite side of the street and at inti'rvals in the rows of houses else- 
where. iMost of the houses. I was told, had been visitc(l in one or 
other of tlu* live epidemics, those which escajjed in one season being 
invaded in another, whilst some houses had had the infection in them 
time after time. 

AYhile the infection had cre{)t about to all parts of this village site, 
it was the unanimous oijinion that it always Ijcgaii in a certain (piar- 
ter, the high grotmd on the northern side, next to the high road, 
which was the jjarticular quartt'r of the Mohamnuulan butchers and 
cattle dealers. The Liugayat cultivators had a bitter grievance 
against their Mussulman mughbors. which they tried to interest uu' 
in, having mistaken me for a piu’son of authority. Slaughtering of 
cattku sheej). and goats, curing of meat for the Bombay market, 
dressing of hides, and the like. w(‘rt“ the chief indtistrie- of that 
tpiarter of the village. There was no regular slaughterhouse, but 
each householder used his house or the sjtace befort* or behind it 
for killing in. the flayed carcases and skins biung in evidence as one 
walked jtast ; and of cotii'se the whole soil of this elex’ated corner of 
the village was saturated with the l.)lood and offal of many years an.l 
swarmed with rats, as shambles always do. A year or two before, the 
sanitary itisjx'ctor from Belgaum, a nati\e official of the third rank. 
Inul made a report upon the ntiisance. recommending that the Moham- 
medans should be remoted to a new site outside the villagta which 
could have been found for them with the greatest ease not far off'; 
but the commissioner had not move<l in the matter, and the anger of 
the Liugayat farmers was tinajtpeased. 

l)tr.\KW.\K VII.I.-VOE. 

I shall take next a somewhat different sam2)le of these villages, 
which alst) has had five e])idemics of ])lague in the last seven years, 
but not so severe, and curiously enough always three or four months 
later in the season, as this table shows : 
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Fire unthreah'< of platjvr in a ilUaffe neur Wiancar, 
[Population. 4,fk>i ] 

Year. Wor^t uioiitii 


, 1S98 r>ec‘ember 

! 1S99 

, 190O-1 . . . January. February ‘ijy 

I VMl-2 

19i.iJ-o January. February 

i 1903-4 Mareli 

I lOOl-ri January 

j 

This village was a purely agrienltiiral one. with no cattle trade, 
which is the coinnion ty[)e on the rich black plain, or desh. extending 
eastward from Dharwar. The road all the way from the city 
passed through an unbroken expanse of wheat, jowar. and cotton, 
many of the wheat fields being of -0 acres. The area of the village 
in question was about il.OOO acres, lait nuieh of it was in the hands of 
a few large farmers. The patel of the village, a headman in stature 
as well as in name, farmed 100 acres, another resident farna'd ‘200, 
and several who were resident in Dharwar City wtu’e also lai'ge own- 
ers ami occupiers. About a fourth i)art of the villagm's were labor- 
ers who held no land, many having lost it by mortgaging to the 
wealthier villagers or t(t pleaders in Dharwar. who had thus ac({iured 
their large farms, d’he village liad once been defended bv a wall 
and still retained two gates. Although it contained a number of 
well-to-do farmers, it did not contain a single ])akka dwelling house. 
The houses were all of mud. many of them raised about a foot above 
the road on plinths of stone, which was got from a hill overlooking 
the village on the north. There was only one masonry structure — a 
variegated marble hall with open-top galleries for public meetings, 
vhich had been built recently by subscription. The streets or lanes 
were fairly wide, unpaved, and deep in dust. Few of tlu' houses had 
verandas, and they were all equally common or mean. 'Fhe usual 
ground ])lan was three rooms, one behind the other, with a back door 
opposite the street door, but without windows, the cattle being ke))! in 
the a]tartment next the street. All round the backs of the houses ran 
a space which was inclosed in places, ti'aversed by not overclean foot- 
paths and overgrown with luishes; but in the dry weather it was not 
notablv filthy, and there appeared to be no particular need for what 
is called village salutation: at least, one did not see where the sanita- 
tion was to begin, so long as the streets were unpaved, and the whole 
village, except the marble hall, built of mud. At the date of my visit 
in December the fifth epidemic of plague had only just begun, but it 
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jippears from the subF.oqiiont iirintod returns that 14 died of plague in 
I>('cenil)er and IS in .Tannary. while a continuance until iNIarch was 
prohahle. accordiui;' to precedent. 

PLAui K villa(;es of the a'oetiiwest. 

Time Avill not allow me to de-'cribe iji detail other plajiue villages, 
and I r('gr(‘t especially that F niust pa^" over the much better type of 
village in (lujarat, in which the houses are mostly built of brick (but 
>ometimes repaired with mud), rai-ed on plinths, commodious, and 
not without traces of taste. Ijeaving the Bombay l^resideucy. and 
coming next to the northwest, which is now by far the worst seat 
of plagu(>. the many thousands of villages which have had the infec- 
tion in them are of a \erv uniform type. As one goes westward, 
th(' compact fort-lik(‘ aggregate of mud walls and flat roofs becomes 
more di-tinct i ve, and throughout the whole of the I’unjab that is the 
type. W'e have left behind the more open and irregular formation of 
the small Ikaigali village, with clumps of trees or bushes between 
till' se\eral hoine--teails. jaitches of kitcheti garden among the trees, 
and creepers overrunning the verandas. High-pitched tiled roofs 
succeed, and after these thatched roofs with broad drooping eaves, 
until at length we come west of Allahabad to the naked mud walls 
and flat roofs of tlu' northwt'st, withotit a single amenity that the 
eye can rest on, ami in many cases without ('ven a tree beside the 
village well. 4'he interior of these villages is not unlike that which 
I have already described for districts of the south, but the houses are 
often huddled together, with narrow, winding lanes between the rows, 
and sometimes in compact blocks, hack to back and side to side, with 
no intervals at all. I shall'take an extreme instance from a large and 
wealthy village of Jullundur. Jullundur is one of the most fortu- 
nately situated districts of the Punjab, and its villagers are proverbi- 
ally well sati'fied with their lot in life. They have a soil renowned 
for its fertility, and they have water so easily reached by wells wher- 
ever they may sink them, that they can dispense with irrigation 
canals, and need not pay 2 or 8 rupees an acre for watering their 
ci'o])s. If they are jjoor. it is becaus(> the ])ressure of population is 
great, being, indeed, aliout (iOO to the s(pi;ire mile, and the highest 
in the Punjab; hut the signs of poverty, or at all events of distress, 
are not at all obvious to the passer-by. and the people are of good 
physi(|ue. The district was the first in the I^unjab to be infected 
with plague, and in the last four years it has lost lOO.OOO by that 
cause: at the time of my visit, those who were dying were said to be 
robust men and women in the flower of their age. 



PLAGUE ™ INDIA, 


823 


A PLAGUE VIUUAGE OP JI LIA NDUE. 

The particular village vhicli I am about to describe had a past his- 
tory of plague, but I am unable to give it, as the Tiiiijab goverimieiic 
does not tabulate and print its returns from villages, as the Bom- 
bay government has done from the beginning. Its population was 
about 8.000. and it had lost about daO by plague in the mouths of 
March and A]:)ril preceding (I'.iOI). The greater number of tho-e 
deaths had come from a s([\iare block of houses (and from oiu* or more 
like it) which had the most nunarkabh' construction that I saw any- 
where in India. It was literally a hive of some thirty or forty mud 
cells. A narrow passage ran around the sciiiarc*. with doors at inter- 
nals in the dead wall. Entering by a door near a corner of the 
s(]uare one came into a room, which somehow held a cow or bulloclc 
as well as the family, and had a hatch-like o])ening in tlu' Hat roof 
with a ladder to asc'cnd by. On reacbing the roof one found that 'i 
was a continuous expan-e of thirty or forty small scpiares lik(> those 
of a chessboard, mark'ed otf from each other only by ridges of mud, 
•.\hich one had to step across in walking a distance of some thirty or 
lofty yanls to descend by anotlu-r ladder at the oj)posite t'orner. 
Each of the thirty or forty s(iuare roofs had a round hole in the 
middle, invariably co\ererl by an earthenware cap like an inverted 
flowerpot. Close to this mud block, separateil from it oidy by the 
(i-foot i^assage. was a groui) of ten or fifteen brick Iiousin two and 
three stories high, with windows, balconies, and the ii'iial features 
of the itakka houses of towns; this was tin* only masonry ([iiarter of 
the village, holding about a twimtieth of the population. I could not 
learn whether its residents had escaped altt>gether the infection which 
was so violent in the mud block next to it. but it was certain that most 
of the plague cases had been in the latter, or in another like it, 
some cells being pointed out in which as many as four persons had 
died, ilost or all of the apartments were now retenanted, and theiv* 
had been no sign of a revival of the infection down to the middle of 
January last. In another village, at the other end of Jullundur dis- 
trict. I mountecl the roof of a block of houses in the IMohammevlan 
(juarter. thinking to find a continuous expanse like the former, but in 
that instance there were cattle pens and one or two allevs in the nddst 
of it. 

PLAGUE IN THE NEW VILLAGES OF TUP CIIENAB COLONY. 

Having been told that the new n'gulation villages of tin' Chenab 
and Jhelum colonit's had had plapaii" in them equally with the old 
Punjab villages, which was not at all what one would have expected 
in recently occupied site-, I visited both colonies to see how the matter 
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really stood. I found from the printed figures of 1904 that the dis- 
trict of Jhang. Avhich included fully three-fourths of the Cheiiab 
colony (now the Lyallpur district) had had 4.000 deaths from plague, 
nearly all in April and May. 1904. which was oidy a tithe of the rate 
of other Punjab districts equally populous, and that the southern tah- 
sil of (lujranwala. which included the rest of the new Chenab villages, 
had had far less plague than the three other tahsils. where the villages 
were old. Still, there had been plague in the new villages, one 
of those which I visited having had :10 deaths in the month of 
December, 1903, with a prospect of more if the villagers had not 
cleared <nit into the jungle, and another near it. but built two 
years earlier, bcdore the regulation plan was adopted, having had GO 
deaths, d'here are more than 1,000 such new villages in the Chenali 
colony, which have been built within the last twelve or thirteen years. 
The colonists are in great part retired sepoys of the .^ikh regiments, 
with their subadars. or initive officers, as the lumbardars of villages. 
Sepoys received grants of IS acres, some offict'rs a s(|uare of 2S acres, 
tithers two such s(|uares. jjaying a small land tax. as well as so much 
per acre for the use of the canal water for irrigating their fields. The 
land is now nearly all taken up. and is jtroducing heavy crojts of 
wheat, cotton, and sugar, the export of wheat from this district being 
one of the largest from India, as the railway traffic showial. 

The regidatioii village which I visiti-d, about G miles across country 
from the railway, was a great improvement in some respects upon the 
ordinary hugger-mugger of an old Punjabi village. It was laid out 
in regular s([uares with wide roads between. The com[)OLinds were 
roomy, with the dwelling houses kept ajiart from the cattle sheds. A 
certain elevation had been prescribed for all dwelling houses, perhaps 
10 feet or more, just as our own local boards have raised the height of 
all new country cottages. But the public works department had left 
the colonists a free hand in the matter of building materials, and they 
had built their villages of sheer mud. In the village I am I'cferring 
to there was not a single kiln-burnt brick, except in the facing of the 
village well. and. so far as I could see, there were not even sun-dried 
bricks in the walls of houses. The whole village was a hastv pudding 
of crude mud walls, some of which were already cracked. Mlieii I 
asked to see some house in which there had been plague. I was shown 
a closed door a few feet b(4iind the chair of state in which I was seated 
at the crossnjads of the vdlage. It was a small corner house or shop. 
api)arently a single room without a window, in which two cooks had 
died of j)lague. The mud wall was cracked in places ajid had one or 
two round holes in it which looked siisjnciouslv like rat holes. All 
the new villages of the colony are bialt of mud. except those few 
which hav'e the good fortune to be stations on the railway. 



PLAGUE IN INDIA. 


325 


PLAGUE IN THE OLD VILLAGES OF SHAHPUR. 

The other ii’rigation colony, hetween the ('heiiah and the Jheltiin 
rivers, is now being planted thronghoiit the jungle of Shahptir dis- 
trict. following the lines of the Jlieliun Canal. Last year Shahpnr 
had the enormous mortality of 33,000 from plague among S'Jd.OOO 
people, most of it in the time of the wheat harvest. I suppose that 
some small part of it occurred in the new villages, but if the instances 
which I saw were fair samples most of it must have come from old 
villages, of which there are many within the valley of the Jhelum. 
depending, as of old. on wells and on the rainfall for their harvests. 
The three villages which I saw at close (piarters were within a fei\ 
miles of each other, all raised c()nspi(aiously above the dead level of 
the plain on conical mounds of black earth. Their mnd houses cov- 
ered the sides' and summit of these mounds, which were doubtless 
formed by the debris of former villages upon the same site, and may 
have l)e(‘n growing l)y accretions of rnbbidi ever since the time when 
Alexander overthrew Torus on a battlefield not many miles distant. 
They looked the filthiest and most dilapidateil villages that 1 had 
seen anywhere, and were credibly said to be swarming with rats. 
Each of them had lost about a fourth part of the population by 
plague the year before. 

Before I leave the villages, which have nine-tenths of all the prac- 
tical interest for plague. I will give a few minutes to two (piestions 
about them. First, is tltere any read need or excuse for all this mud 
building? and. secondly, are the large, compact, fort -like villages nec- 
essary and likely to continue 

JIUU WALLS. 

First, as to the almost universal mud w.alls and roofs in the north- 
west. In the I’nnjab districts which suffer the extremes of heat and 
cold, the excuse is macie that mud walls are the coolest in the hot 
weather and the warmest in the cohl. But the more general explana- 
tion is undoubtedly the ease and small cost with which mud houses 
can be run up. On that point I may be permitted to quote a few 
sentences l)y the late ?Mr. Frederick (irowsc, who gave much attention 
to Indian ai'chitecture and did much to I’evive the native building arts 
in his collectorate of Bulandshar. 

Replying to a circular of the year isss on the ([uestioii of village 
sanitation, he wrote ; 

Under such suiiervisio7i an ordinary Indian villatre would in the eonrse of a 
few ye.u's lie less repulsive in appearance than it is at present, but 1 doubt 
whether the death returns wotdd be niaterially ri'dueed. * * * 'piiP 

scourge of the country is fever. This is felt all the \ ear round, and will con- 
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tinue to be so until the people adopt a more rational style of house buildins. 
At present the ordinary mode of procedure is to dig a pit. and with the clay 
extracted from it to raise a wall on its margin and roof it oyer for a habitation, 
the floor either remaining several feet below the surface of the ground outside 
or l)eing partly filled up with the first rubbish that comes to hand. * * * 

In no country, however barbarou.s, is such a style of building in vogue. It has 
been adopted in these provinces on account of the tenacity of the ordinary clay 
soil, which thus lends itself readily to the purpose. But if in other countries, 
where poverty is as much felt ns in India, building materials have invariably 
to be brought from a distance, the same necessity should be recognized here. 

Again, referring to the district of Fatehpnr. he says; 

Thus for want of skilled lal>nr the villages are all exceptionally mean-looking 
collections of mud hovels, and the towns which sprang tip under the Oudh 
Xawabs are all in decay, f * * jf the standard of Hviug is l(iw. it is more 

so from li.aliit rlian from alisolute lack of means: l.arge sums are yiairly exitemled 
on the only imlilic works which a Hindoo ordinariy recognizes, iiamel.v. temitles 
and l)attting t.-inks. 

The alhivitini of tlie wliole northwest makes a sufficiently tenacious 
clay, and the hhtck soil of the Deccan vallt'vs is even more sticky. 
The former can easily ho luirnt into bricks, while tlnn’i' is always red 
soil suited for hrickmakiiig-. or a stoiK* ([narry at no ifreat distance 
from the hlaek cotton soil. AVhen 1 asketl the himl):irdiir of one of 
the new villages in the C’heniih colony, " AVhy do yon not ha\t‘ pakka 
houses ? " he answered. " AAT* are very jxtor men.” But. as iAIr. (Irowse 
said, the poor standard of living is more from habit than absolute 
lack of means; other countries, where poverty is its much felt as in 
India (and more felt than in the C'henah colony), i‘m])lo}' village 
masons and car])entei's, and they have sliowp their ]>rogr(‘ss in Widl- 
being lirst of all in the inipi-o\ed housing of tin' ijeiisantry. This 
has been the reeogiuzed test in Ireland in lln* last fifty years, and 
in Scotland the great advance in tlu' latter part of the eighteenth 
century was shown in nothing so much as the disappearance of such 
" aidd clay biggins," as Burns was born in. A'et in India mud vil- 
lages havi' eiitei'ed on a new lease nnd(‘r the auspices of the public 
works department. 

SAMTAkV APVAXTAOF.S OF IIAAILUTS. 

As to th(' larg('. compact, fort-like villages whicli are V'ccidiarly 
the seats of plague infection, it passes as an axiom in India that 
small \ilhiges and hamlets may he almost left to take care , them- 
seB'i’s in a sanitaiw i’es])ect. The axiom is (unbodied in the' (iovern- 
ment ReveiiiK' TTandhook. and it rcciii-s time aft(u- tilin' in tin' r. ybes 
to two circulars on village sanitation is-mu! in isss and AA’lnu 

was thus ohvioii- in times of cholera is not Ic'S obvious in the prc'seiit 
time of plague. The advantages of hamlets are even more niarki'd 
in the latter, for the Bheels of western Khandesh, who were among 
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the chief victims of cholera in the last famine, are said never to have 
plague in their rude hamlets or movable camps, although the infec- 
lion has been disastrous in the settled villages of eastern Khandesh. 
The same escape from plague of small and movable hamlets was 
remarked by Colvill in his tour through the plague districts of iNIeso- 
potomia in 1874. The trouble always and everywhere has been from 
crowded sites too long inhabited without drainage. The more com- 
])act the site or the greater the congestion of houses upon it the more 
will the soil be filled with organic impurities. It is well known that 
soil has the property of breaking up organic matters by oxidation and 
nitrification: that it filters off and retains organic substances sus- 
pended or dissolved in water, arrests the action of ferments, and 
retains bacteria in its ujtper layers. But if tbe upper stratum b(> 
saturated with organic matters beyond the ]>ower of the soil to enter 
into combination with them, each new accretion sinks elown more 
or less slowly to the deeper layers unchanged, there to nndergo putre- 
faction or reduction by ferments, so that beyond a certain point tin' 
self-cleansing action of tlu' soil brt'aks down. I'he limit of ('inlurance 
is passed constantly in old inhaltited sites, whereas in fields pastured 
by cattle or sheep or mauureil for cropping tlie wholesome chemistry 
of the soil goes on from .season to season witlnmt check. That the 
infection of idague resides in the ground is now acce])ied by every 
practical man in India who has been on jilagiie duty, and is perceived 
intuitively by the people themselve'-. 

( K.N'tKnS OF l’LA(it K JX OUDH. 

tsuch being the correct scientific theory of plague, one may find in it 
one reason why those parts of India which liave tlu' rural poiiulation 
least congested in particular spots should have had little plague or 
none. I ha\e given the instance of the Kmikan somewhat fully and 
have a few remarks to make about Oudh. The Uudh landscape is 
always jileasing. There arc other provinces, such as tiujarat, which 
may dispute with Oudh tlie title to l>e the Oarden of India, but it is 
certainly the garden of the northwestern plains, [t is the province 
of hamlets or small villages and of a resident nobilitv and <>entrv. 
Plague has not been absent from Oudh. for two or three of the dis- 
tricts in the south and east, along the (laiiges. have had large mor- 
talities. As the government of the Ihiited Provinces does not print 
full details of the villages infected with plague, one has to find out 
by personal in(|uiry. and I was advis<‘d to choose Fyzaltad as a char- 
acteristic })art of Oudh. In the week befort'. that district had re- 
turned 110 deaths from plague, and the question was, AVhat kind of 
villages did these come from ? One of the four tahsils of the district 
had to be taken as a sample, and the Fyzabad tahsil was the most 
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convenient. It appeared that a full half of all the plague deaths in 
it were being returned by one village. 10 miles from the city, which 
I went to see. accompanied by the tahsildar. It was a large market 
village of over 4,000 people and 700 houses, with very little agricul- 
ture (chiefly sugar cane) and much cattle trade, more than half the 
population being Mohammedans. The Sanitary Insiiection Book, 
one of those ordered by Government circular of 1893 to be kept in 
large villages, contained at various dates severe strictures upon the 
squalid conditions, especially of 2 of its 9 mahallas. and remarks 
on the slaughtering of cattle by certain butchers in their houses, and 
on the coinmon practice of killing sheep and goats in dwelling houses. 
Tlu're had been plague in it two years ago. and at the time of our visit 
one whole (juarter of the village was evacuated, owing to dead rats 
having been found and to plague cases thereafter. This quarter 
consisted of the same two mahallas which had l)een censured as 
specially squalid long before plague appeared. There had been (>,“) 
deaths so far and two fresh cases that day. The other chief center of 
plague in the tahsil was also a largo market village, with a pojudation 
chiefly Mohammedan. A few other villages had l)een returning 
plague deaths, luit none of them more than 10 in all. and it did not 
appear that any of the hamlets had plague. The largest piindy 
agricultural village, with l.bOO people and '2.400 acres, of which fully 
half were cultivated, was distributed in 10 hamlets and had no 
plague. On an average the Oudh districts have had hardly more 
than a third as much plague per head of jjopulation as the districts 
of tiie Agra pro\ince. a ratio which is inversely as the number of 
hamlets and is most probably dependent thereon. 

IIA.MI.F.rS V. \ll,I.A(iKS. 

Are there any naisons why the more wholesome kind of country 
life which is found in Oudh should not be extended to other i)arts of 
the northwest ( I <piote a few sentences to sliow that the ])hin or 
tyjje of large conq)act \ illages is neitlier ancient nor immovably fixed 
even now. In the Gazetteer, of Muzatfarnagar. it is stated: 

Wlieii Sikh. Itdhilla, Giijar. and Marhatt.-i to:;ether. or in turn, r.avaged the 
distrier, no small l•onlmunitJ• could e.xist. and the settlers fell hack on the strong 
tillages from which they had gone forth, .\ftor tht> Hnal pacification in ISO.'., 
colonies were again sent out. hut so gradually that the heginning of not a few 
flourishing villages is still renieinhered. 

Again, as to the tc'iidency to return to hamlets and their sanitary 
advantages. (Mr. Adams, formerly collector of Benarc's. wrote in 1S8S: 

Till' sanitary commissioner has not. 1 think, taken note of the manner in 
which, in many parts of these provinces, the villa.ges are splitting up. The 
villagers in old days liustcred together for mutual protection, hut now they find 
they can live close to their tields, and hamlets have sprung up all over the 
country. 
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But they are not springing up in the black soil Talleys of the Dec- 
can. nor in the Bunjab. except in ca^c-' of feud l)etween one part of 
a villagf and another: and it -will appear from what T am about to 
read, from the pen of Mr. Alan Cadcll, that there are reasons why the 
large villages should remain large: 

Tbf ci'owiliu,:; cif the iini'Ul.itieii into villay:es is to a certain extent Uis- 

advant.iaeons, Imt tlie jmwer wliicli tlie lar.ire cnltivatina coniinnnities have 
ac(inire,l I'nmi tiieir imiiiliers and their wealth is of irreat service to them in 
resisUnit tlie eui-roaclniients of tlie l.indlords ; and tilt' iieoule iiiust feel tliat 
they would lose in nnit.v and defensive iiower if they were scattered over several 
hamlets instead of lieimr < ollected toitether in tlie old ancestral village. The 
fact, too. tliat nearl.v all the iiest land is hi'ld ti.v occniiancy .tenants, wliose tlelds 
are situated all over two and even tiiree estates, makes it still more milikel.v 
tliat any lartte numlier of tenants will leave tlieir ]iresent dwellitnts. for to do 
so would, while iirinyiiii; tlieni nearer some tields. t.ake tlieiii awa.v fartlier than 
before from orliers. ami to effect clianues of hereditary tields is alwa.vs difficult 
and generally imiiossihle. 

IM.VUl U IN I'lIK emus. 

The circumslunco.s ot' liombtiy are so sjiecitil. if not uniiiue. that it 
would lak(> ;i whole hour to discuss them. Therefore 1 shall not 
begin upon them, howeter inviting the theme. Poona, infected from 
Bombay, has had severe plague every season for nini' years, and more 
of it per head of population tlian Bombay itsidf: the sanitary iirob- 
lem is com[)lex there aho. and can not even be stated in a simtence 
or two. .Karachi and ('alcutta f did not visit. 1 will come to Benares, 
as a good sample of the northwestei'ii cities. 

nuN .\i!i;s. 

The mahallas or wards into which Benares is divided fall into 
two chisse: — the )iakka. or masonry mahals. and the kaccha. or mud 
niahals. The suparatiou of the two is sharper. I believe, than in 
any other Indian city, and will be readily understood from the 
situation of the masonry mahals. They are that famous range of 
houses, temples, and terrai-i's whieh crowns the high baidv of the 
(laiiges for a space of nearly 2 mill's. Some .tO.OOl) or liO.OOO of the 
])opulatiou are housed there, and twice as many more in the kaeeha 
or uiiul-built suburbs vthich extend back fi-om the riverside (piartt'r 
over a radiu' of 2 or :> miles. 'I’hesu kaeeha mahals. however, 
are not all e([ually mean in coiistruetiou : for example, the road. 
2) miles long, which runs from near the cantonment to the railway 
bridgi' over the (hinges is lined on both sides all the way with 
houses or shops of liriek raised on plinths, 'Pke pakka mahals along 
the river are built of stom* which had been brought some 20 
miles down the (fanges. from the extensive ipiarries near Mirzapur. 

sM 190.“) 2”) 
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There are no earriaiie way^ throusli this region, hut only a maze 
of narrow alleys, with houses on either hand three or four stories 
high, and innunierahle lelu]'.le^ — a perfeet rahhit warren, like the 
closes of the High street, Canongate. and C'owgato of ( )ld Fdinburgh. 
What strikes oise nio't in the not unexciting passage through this 
maze is the -olidity and durability of the structure everywhere. 
The walls are of stone, the courtyai’ds and floors e.re paved with 
stone, the alleys are laid crosswise with long -lahs of >tone. which 
form at the same time the roofs of a network of sewers. In this 
dense mass of humanity, constantly mixing with pilgrims from all 
parts of India, thei'e has been haially any jilagiie. I make this state- 
ment on the authority of the police inspector who accompanied me. 
as well as of the collect oi'. iMr. Ihulice, who wrote' as follows; “In 
the five years we have hail jelague (this is the fifth) the' pakka mahals 
have been almost entirely free;'" and in the sketch jilan -howing the 
incideiu'e of the infection on tlie ''(‘\-eral (piarters cif the city, which 
he was good enough to make for me. he has marked oidy one small 
spot in the river-ide (|uarfer. the ( iaighat. which Intel some phigiu' in 
lOO:’). On the eether hanel. the muel-huilt suburbs anel tin' villages fo 
the west e)f the city have' liael mue-h phigut': feer example', this year it 
maximum etf neeirly 400 ele-aths in a we'ek in iMare-h. In elriving 
threeiigh them one cetuld tell at a glane-e wlu're the plague was likely 
to have be'cn : thu--. eai the way freem the' canteinment tee the' e'ity. 
a certain edp in the' reael is line'el etn betth siile's with muel hetuse's etf 
exe’e'ptionally me'an appearance', wliie-h is feumd. etti relere-ne’e tet the 
plan, to he the Tiliabagh. marketl a^ httving had jthigiie “ e\ery 
year." 

e iTii;s e>r i iii; m ti; riiw kst. 

In all the either citie's etf the nortliwe"-t, which have hail niiie'h 
jilague'. there' :ire exten-ive' iiiuirti'r" of nuul-biiilt house's — in Alla- 
habail. Cawnpore. Agra. Lin-know. Ttare'illy. In Lucknow, ln'auti- 
lied as it is with pidaci's anel fine' hein-'i's. the' re'latiiv' extent of the' 
kticcha malnils se'emeil to be I'liol'ineius. jinil the muel walls of mi dusty 
anel friable a kinel that the he:n v rain etf D'ce-ember Intel bce'ii break- 
ing them elown. Lue-know this year htis had uii to 4S0 plague eleaths 
in a week, it ratio higher than Binulniy. I shall give a single ilhis- 
triition of plague' in Agrtt. One of the' jtatie'iits in the plan'ue* ho'pi- 
tal. a coin'ale'si-ent. wti'- a little girl, the '-nU' survivor of :i jilague- 
strii'ken ftiinily of nine. On jtroi-eeeling with the a^^istant medical 
iiffie'er to --ee the house where tlii'- trageily had happeiu'il. we' found 
it to be' ;i eliliipielateel ami altanilone'il muel hut. one' of a conijiae t i>ronp 
of thri'e' 'taneling at the' riiailsiile on the' I'llge' of a --mall pit, from 
which the earth to huilel them hael iliinbtles^ been elug. 
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"riie throe large cities of tlie Pun jab — Delhi. Amritsar, and Lahore — 
have had reniarkal)ly little [dagiie. Delhi, which is situated in a 
stony rc'gion. a[)peared to he nearly all pakka. hiiilt. with the excep- 
tion of a few lanes around a celeltrated hhn-k mo-'qite of tlie foui'tei'nth 
century: and even the villages round Delhi arc' built of a kind of 
conglomerate' of stone and clay. Anirit--ar also i- a well-built brick 
city, and in Lahore there are no such exteinite ([Uarters of mud- 
built houses as in Allahabad and Lucknow. The siualh'r towns and 
market villages have in some instances furnishc'd a large part of all 
the plague deaths credited to a rural area. I was told by the civil 
stirgeon at (Jhazipur that the largest totals in his district this year 
were coming in from certain towns or market centers wliicht had a 
coiisidc'rable ^lohammedaii jtojtulation : and in the district of Mut- 
tra I saw for mvsc'lf two such market towns with much plague in 
them, one of them, jcopulatiou of h.OOO. having had 400 deaths in the 
four weeks jcrecc'ding. and a maximum of t!.') the day before : while the 
othi'f. with a jtoitulation of (t.OOO. had 1!* new cases re]torted that 
morning. It is the melancholy fate of those old country towns of 
the Mohammedan period, originally w«'ll built, with brick houses and 
jtaved streets, and in some cases with tine sarais or forts, to ha\'(' fallen 
into di'cay of trade' and dilapidation of buildings, tlie houses often 
■■pakka without, but kaccha within." as e.xplained to me of an ohl 
two-storied brick house at a village near llenarc's. in which the rats 
had been found di'ad. and. two or three wi'cks aftt'r. the whole of the 
inmates, to the number of is. had died. 

-MEANS OI -WOIDINC. rL-VOlE 1.\ .VI I -VI’ION . 

According to everyone's belief and exjierience in India, there i' only 
one thing to he done when plague appears in a jdacc. or the rats begin 
to fall, namely, to clear out. or. at all events, to avoid spemling the 
night there. Hence the strange spectacle' eveiw evening about sunset, 
in the city of Dijajmr. of the Mhole jioiiulation. save the inmati" of 
half a dozen bungaloM'. to the number of ~ome 20.000. (|uitting the 
bazaars, workshops, and otlices, and making their way outside the 
walls to a large camp on the downs around tlu' railway station. This 
jihenomenon is the more suggestive at lUjapur. as thi' city was de- 
serted once befort'. two hundred years aito. and most probably for the 
same reason as now. namely, plague, and eontimied to be in great jiart 
deserted until it was made the administrative headquarti'i's of the 
district idiont thirty years ago. ALo in tlu' country round Piijaptir 
the people havi' learned the lesson of evacuation very thoroughly. T 
wetit throtigh an old fortified village of thOOO peojile .i miles to the 
west of it. without finding a living ei-eature; the stri'ets were de- 
serted. and the doors of all the houses padlocked, the whole of the 
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inluibitaiitri being- in camp near their fields about a quarter of a mile 
away. They had taken alarm from the number of dead rats found, 
and the deaths of 3b persons in October, Xovember, and December, 
and from the recollection of their first plague epidemic two year,^ 
before, when 171 died in the village. At Bijapur City I was told by 
a high native official that, if the infection liecame active another year, 
the temporary camp round the railway station would become a ])er- 
manent residential suburb, so that the area within the walls would b(‘ 
deserted for the second time in its histori'. This evacuation is at the 
people's own initiative and at their own expense', which many of them 
can ill afford. The same thing was going on at Belgaum. where 
several thousands went out to camp in the evening and returned to 
their work in the Ijazaars and offices in the moi’uiug. 

At Dharwar a small leegrinning had Ix'cn 7uade toward permanent 
evacuation. The govi'i-nment had given a })iece of vacant ground to 
tile municipality, which had sold it by auction in lots at a very low 
price, and a new street of 'Ome forty houses, called (liltb street, after 
the collector, had lieeu rtin up. At Poona 7.000 or more W('re in cam]) 
along the sides of suburban roads, or on the various maidans of the 
city. At Bombay there were three large health camps along the sea- 
ward side of the island as far north as iVIahim. In a group of vil- 
lage-' of the Baroda State near Xaosari. the ciiltivators lunl built 
lofty and commodioti'- huts near their wells and fields, to which they 
had removed their Ix'dsteads. chests, and other furniture, and in 
which they and their children and their bullock-- wen' not unha])py. 
The weather aftt'r tlu' rains i- so fiiu' throughout the Bombay Presi- 
dency that there i' no hardship whatever in camping out. 

It is otherwi'C in the earlier part of the plague sea-oii of the iiorth- 
wc't. of which I shall give a -ingh' instance fi'om tlu' Punjab. T 
went one day with the medical officer on plagiu' duty to a group of 
xillages 12 or 14 miles fn)m Julliindur. At one of these, a small 
village of --oine 21)0 peoph'. there had been many deaths from plague 
two years bi-fore. and on the day of our vi-it there were more pc'r- 
som lying sick or recovi'ring in their houses than T had seen anv- 
where in -o ^luall a ^jiace except in the hospital at Bombav. After 
we had gone ixiund the village, a palaver was held with about a dozen 
of the men and youths, who stood in a semicircle near the village 
well, the women drawing the water all the while. Their s]-)okesman 
was a sturdy little Jat ivlio knew hi- mind, spoke to the point, and 
l)ore himself with the aplomb of a man of affairs. Thev had been 
asked in advance to consider whether they would not submit to inocu- 
lation. and had decided so jien'inptorily in the negative that the 
matter was not so niuch as nn'iitioned again. The only question 
discussed was evacuation. The spokesman pointx'd out various prac- 
tical difficulties iu the way of a general camping out. to which Cap- 
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tain Bradley replied, and at length it came to tlii>. that the whole 
villag(‘ might remove to a camp on a certain piece of watte ground 
within tight of where we stood if some help were forthcoming for 
the poorer villagers: it was all a (piestion of expense, and as I was 
again mistaken foi' the commissioner. I was looked at in a signifi- 
cant way as we took our leave. But to show how many are tie' 
difficulties in the Punjah. next day a storm of wind and rain broke 
Avhich lasted thirty-six hours and was followeil hy tw(» or three 
weeks of intense cold. Caiu])ing out was of course impossible, and 
the ell’ects of the cold snap were seen in the abrupt rise of the plague 
figures about a fortnight after from all parts of the Punjali and the 
United Provinces. 


sciKXTirn TiinouY on nvAct atiox. 

Evacuation of plague-infected houses or village sites had been 
adopted liy the t)eo|)le themselves, without any scientific advice, be- 
fore the present plague: for example, by the hillnien in Kumaun. 
and by the ilarwaris. who. as White' reported in isdu. •• iustaiitly 
(piitted a house on seeing a dead rat." 'I'he rats tlieniselve-. although 
ill Iiulia they are the symbols of sagacity, are U'Ually surprised bv 
the underground \enom. and art- often sei-n trying to escape in a 
state of elelirium. .V scientific explanation of the common practice 
may be found, first, by including plague fully and frankly among the 
soil jioisons. as 1 diil in my History of Epidemics in Britain, fourte'i'ii 
years ago. and. secondly, by applying to it the laws of soil infection 
which have been worked out by Pettenkofer and hi' 'chool. An 
infection of the soil makes itself felt most inside dwelling lioU'e'. and 
most of all overnight, because there i' a natural niovt'uu'iit of the 
ground air toward the walle<l sjiaee. Phis was shown by the fact 
that an O'cajic of gas from a main in the street would travel horizon- 
tally through the pores of the ground toward the house opposite', and 
lie sucked up into it. sometimes to the dangei- of tlu' inmates. \'o!i 
Fodor observed the stratum of air next the floor of an uiioce'upit'd 
cellar at Budapest day and night for a whole year, and found that 
it always contained mere carbonic acid than the ground air outsidi'. 
luiving attracted it from the soil around. In disu-ed cellars, vaults, 
or covt'red wells, the accumulation of carbonic ai-id is sometiiiK's so 
great as to as[ihvxiate those who enter them first. One r('ason for tlu' 
ground air streaming to and rising through tlu' basement or floor of a 
house is that the ground beneath is drier and more ])ermeable, afford- 
ing a free ipnvard pas~age unless there he a concrete foundation or 
a masonry plinth or stone jiaving. Another reason is that the air 
inside a house is warmer and lighter, so that it yii'lds to tlu' pr('ssur(' 
of colder and lieavi('r air outside and is thrown into an ascending 
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curipiit. The jjeuetratioii of tlie Iioiim* by ground air a peculiar 
ruk ill India for AAeral reaMUi-^. Where tlie walh are of mud. a-; 
they are in the great majority of 2>higue \'illage^. and have no nui- 
I'Oiiry jjlinth to r(‘^t upon, their })orou> ^ub^tance i^ nadly a jiart of 
tlie Mill, ao that the inmates have the ground air not only rising from 
the floor, but carried up in the walls as if in a ventilating shaft. A 
dwelling house warmed all <lay liy the ^un and by tlu* fire kept up 
for cooking becomes like' an exhau-'ted receiver for the ground air to 
rise into. If one visits the old chawK at Bomiiay. in which there has 
been so much plague, you hud the narrow, dark rooms on the gi'ound 
floor to be heated like an oven even at s in the morning. 

The intuitive perceptions of the |)eople correspond with the scien- 
tihe th(‘ory id" a soil poison. They know that the chief risk of taking 
plague is from speinling the night in an infected place, and gener- 
ally that they incur the greatest risk when couHned most to the dwell- 
ing houses by cold, domestic duties, or other cause. One very im- 
])ortaut thing I must pass over for want of time, namely, the inju- 
rious (dh'ct of a high h'vel id' the ground water and id’ its seasonal 
fluctuations ill a filth-soddim soil. In tlu' new chawls at Bombay, 
built by the inipro\em(‘nt trust, nothing sccmikmI to me to promis(» 
more for tht' future health than the solid masonry of tlu' foundations, 
floors, and passages. The advantages of concrete foundations have 
been proved often in similar ciri-umstam-es. although in Hongkong 
they have been only a pallrativ-- in plague. 

i‘i;or,AHi.K i t 'it lu-: or I’l.uu i; i.\ i.mua. 

I come lastly to the (jiicstion. Is there' anything to be learned as to 
its probaiile duration from historical precedents and from its own 
course during nine yc'ars^ One was sometimes asked whether the 
natural time for ])higue in India to hist was not seven or eight years. 
I h(' origin of the idea m what is recoialed of two former plagties in 
India — one in tin' reign of the Km])«'ror Jehangir. Kdt;. of which it is 
said that " it continued to deva-tati' the country for eight vears." the 
other in the reign of .Vurungzeb. ILSS. which "lasted seven or eight 
years. I.ach id' these I'jiidemics of bubonic plague is authenticated 
twice over by good contenijiorary authorities, along with some inti'r- 
esting particulars which I have no time to quote. The earlier of the 
two began in the Punjab at Lahore and "destroyed manv villages 
■ind jiarganas;" the later, seventy years after, was felt most in Oc- 
tober and Xovembi'r. luss. in the city id Bijapur. which Auruiigzeb 
had just captured and in wdiich his army was encamped, incluiliiio- 
l.I.ilOO cavalry: but it is said to have lasted sevi'ii or eight vears and 
to have ('.xtendi'd over the Deccan and as far as Ahmedabad and 
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Surat. The next outbreak in India fell to be described by three 
British writers. It happened in Ctitch and Kathiawar from 1815 
to 18:21. in peculiar circumstances of aggravation within walled 
towns, arising out of famine and the mode of collecting the tribute 
from the recalcitrant petty chieftains of those territories by the 
army of the Gaekwar. and it came to an end almost coincidently 
with the new order of things in 18-21. The only other epidemic be- 
fore the present was also a limited one, in ilarwar, especially in the 
(own of Pali, which lasted from 183(1 to lS3b. and may have been a 
revival of plague which is said to have been indigenous in iMarwar 
•• from a reimjte period." 

Turning from those Indian precedents to the much more continu- 
ous and extensive plagues of Europe, we find an uninterrupted his- 
tory in one country or another and in oiu- city or another f(>r more 
than three hundred year: — from the year 1347 to the lattei- half of 
the seventeenth century, ^\•hen the infection disapjieared almost 
simultaneously from all the countries of western Europe. The chief 
diti'erence Ijetweeii the European plague period and the one which is 
now running its course in India is that the former did not involve 
the villages. l.>ut only the towns, exci-pt in its tirst great wave, from 
1347 to 1350, which swamped country and town alike with an almost 
unheard-of mortality, and excelling, perhaps, two or three general 
but minor revivals at intervals in the latter half of the fourteenth 
century: for the rest, it continued an infection of the towns, and in 
these it commonly broke out at long intervals — twenty or forty 
years — excepting in such capitals as London, where it was seldom 
dormant for a series of years until it was about to cease altogether. 

It is not surprising that plague in India should be chiefly an atfair 
of the villages. Ijecause that has b(‘en also the experience with chol- 
I'l'a. So much was that a village infection tiiat Anglo-Indian writers 
who were at home when cholera reached this country in 1831 prophe- 
sied that it Would fall most upon the enormously congested rm-al 
population of Ireland. But it spared the Irish villages and ham- 
lets almost absolutely, although it attacked the Irish cities severelv. 
European precedents being thus inapplicable to India as to villages, 
we are thrown back upon the lessons that may lx* learned from the 
history of plague in India itself during the last nine vears. It is 
only from the Bombay Presidency that we have data minute enough 
to J)e of much use. from which it appears that the huge totals of 
plague deaths year after year are not so hopeless as they look. When 
they are analyzed — and it is no small lalior to analyze them — it is 
found that the aggregate of each year has been made up by items 
from somewhat ditl'erent places. The cities of Bombay. Poona, and 
Karachi have been steady, but in the mofussil all the districts have 
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not sutfered severely in the sanie year, the talukas within a "’iven dis- 
trict have been art'ected some one year, some another, and the villages 
of a given taluka have becai affected in a kind of rotation. T have 
shown oil the screen the table'^ of nine villages, which on the whole 
agree in jiroving that each village has had one very severe outbreak, 
usually the tir-t. that there have been years absolutely clear, and that 
the subsequent oiitbreakr' have been much less extensive than the 
original one. It is in the very notion or detinition of the word " ejti- 
deniic '' that there shall be interinissions ; the word " (uideniie " 
means a more steady luvD'alence from year to year — but in that no- 
tion also the steadiness is only in the aggregate of a whole country 
or province, not in the several counties or parishes of it. It is jirob- 
able that all the villages of Iloinbay Presidency by this time have 
had their worst experience of plague, and that in each village ]dague 
has visited all the houses in turn, or as many of them as it is ever 
likely to visit. The ISombay figures for the season just eiuh'd an' 
encouraging. IMiether it be owing to the it-solute ])ractic(‘ of e\'acua- 
tion on the iirst signs of plague or because th(‘ invasion is subsiding 
nattirally. the returns sijice January ha\'e bei'ii only about one-third 
those of the three or four years preceding for the cori’esponding 
weeks. It looks as if the maximum Innl been I’ea.ched and passed, 
both for each locality and in the aggregate' of the whole Presidency, 
and that there is to be a pause. Such pauses occur in all ('piih'inic 
infections. AVe account for them by a phrase or formuLi that the 
infection has exhatisted all the " susceptible subjects." and we ('X])lain 
the return of the epidemic after an interval of years by the fact that 
a new generation has grown iq) which contains more " suseeptible 
subjects." 

AVhat cun be proved from the admirablv full statistics of the Pom- 
bay Presidency may lie perceived in a way in the Thinjab. Idius. in 
Jullundur. in January this year. I learned that the average was being- 
kept uj) to that of former yeai's chiefly lyv returns from a certain 
group of villages in the southwest which wt're Inn'ino- plague in them 
for the first time. The province as a whole is to have more placfue 
deaths this year than it has had hitherto; but it would certainly 
have shown a decrease but fo” tin' very large items of three districts 

in the Delhi division — (lurgaon. Rolitak. and Hissar which are 

having their first severe ejiidemic. The prognosis for the Punjab 
should be that the infection has reached it- hc'ight and ilone its worst 
for the time in the districts first attacked and that it will soon beifin 
to show a decline in the agirregate. following in the wake of Bombav 
Presidency. 

This is tlu' first year in which the I'nited Provim-es and Pi'har have 
returned such large totals as we have been accustomed to for several 
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jears in Bombay and the Buiijab, and as one of them has a popnla- 
tion iieai’ly twii-e as great as these tATo latter together, it is unsafe 
to prophesy Avhat heights plague may not reaeh in them before it 
begins to decline. In any ease we may reckon with plague domesti- 
cated ill the soil of tens of thousands of villages, making an endemic 
area larger than that of cholera was ever estimated to be. and from 
such an endemic area we may ex^iect future outbreaks at intervals 
of years, if not from year to year. In England, for thirty or forty 
years after the great invasion of jilague in 1318, a poet of the time 
compared the state of sickness to “ the rain that raineth where we 
lest should " to the drip through a leaky roof, a chronic state of dis- 
i-omfort and uneasiness. 

The tlircH' centuries of 2 ilague in European towns came to an end 
without any conscious elfort to check the infection anywhere, so far 
as one knows. The most jirobable ex^ihuiation is that the towns had 
emerged slowly from their niedia-val life, which was peculiarly favor- 
able to 2 )lague, having thrown down their walls and gates and grad- 
ually shifted the jiressure of ])o}nilation to new sites, which, however, 
were often befouled by the accumulated refuse of the old walled city, 
and therefore apt to retain the infection many years longer. The 
curious statutes of .'I'i and d.-). Henry ^’TII, on the decay of jiractically 
all the chic'f towns of England and Wales, bear out that hyjiothesis, 
according to the reading of their jireamble ado[)ted by Xicholls and 
Eroude. At all events mediieval limits were outgrown in all the 
towns of Europe, and. after a transition i;eriod of a century or more, 
plague died out by reason of changed conditions. 

India at the ^tresent day contains more traces of changed sites than 
any country in the world, and some of these changes have actually oc- 
curred under British rule. Sometimes the changes of site have been 
caused by a river deserting its old channel and leaving a city too far 
from the traffic. l)ut there are undoubted instances of sites abandoned 
owing to chronic sickness. The British cantonments atlbrd instances 
in the j)ast and may atlbrd more in the future. Dacca and Berham- 
pore were both condemned, the latter in 1S33 after an original outlay 
of £300.000: they were healthy stations at first and became sickly by 
degrees until they were untenable. What has been hajtitening in 
India from time immemorial, both to town sites and to village sites 
through the pressure of events, may be anticijtated by a deliberate 
policy in order to hasten the disapitearance of idague. In some of the 
towns of the Deccan and Gujarat new suburbs are actually sjtringing 
uit for thi‘ richer class to avoid the infection. For the villagi‘s it is 
not out of the ([uestion that some hnv might be made to ])ri'vent relniild- 
ing on the -anie foundation when the mnd walls crumble, as tlu'v do 
jteriodically ; but of such a law the essential condition would be the 
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helping' hand of the State to jtrovide new ^ites. At one time I held that 
a jjrogre^^ive (■haiig'(‘ of the village Ate to a clean ^oil. along with the 
break-up of a larger village into several hamlets, would bi> an effectual 
if very slow means of getting rid of plague. l>ut after seeing a good 
many of those dreadful mud villages I have come to think that it i' 
their niiserabh' structure that is the real naison whv the Indian ])laius 
are cursed with plague, and that then* can be no real cure without a 
more civilized kind of dwelling and a great revival of the nati\i* 
building arts as village industries. 



rilE FKillT ACAIXST YELLOW EEVEK.' 


l!y A. DvsTMh 


a^rtin yellow fever elaiius our attention. While we are cele- 
hratino- the victorious eilort of science in driving- that dread disease 
from its hereditary domains in Hahana and Kio Janeiro, it reappears 
and desolates Xew Orleans: it revives in Honduras and threatens 
Panama. Once more we must tig'ht to rentAV the achievements of 
the Americans in Cuba and of tlte llrazilians in Kio. And that is 
possible, for we can struggle to-day with hope, with certainty of suc- 
cess. Eor centuries the disease remained uncoiKtuerable. Physicians 
knew only what (A-(“rybody sees — the external signs — the sym]jtoms 
and fatal results, but tliey were not familiar with the true nature of 
the disease and the manner of its propagation. 

In fact, even to-day our knowledge of the nature of the evil is very 
elementary: we have few facts concerning the micro-organism of 
yellotv fever. The oidy proven point is that it is a blood parasite, 
not feeding upon the red corpuscles like the parasite of malaria, hut 
only upon the tluid part — the " plasma." It is believed that it doe- 
not affect the transparency of lii|uids, that it can penetrate most fil- 
ters. and that it remains invisible to the microscojx'. 

But if the deadly agent, the nltramieroscopic germ, which is the 
specific cause of the disease, is not well known, we are at least familiar 
with the means of its propagation, the sole agent of its transmission, 
and that is sufficient, as we shall see, rationally and etfectualiy to 
eliminate contagion. 

This definite agent, the only one cajiable of inoculating a man with 
the micro-organism of yellow fever, is a particular species of mos- 
quito. the StniiiiinjKt fust-intd , known aEo as (’iih.c idlnpiin and 
previously called ('dJc.v faxihitd. At the time of I June, in IT.IS. 
only t; species of mosquitoes were known. In IhOg. g.'»0 different 
species could be diwinguished. and the number has since increased to 
nearly 400 descril)ed s])eci(‘S. 4'he Englishi naturalist. E. Y. Theo- 
bald. an authority on the subject, recognized g'.i genera. To one of 

fl Ti'aiislateil from r.evuo Ues 1 >eux Mniides, I’ai-N, So|iteiiilior 1, 
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these he giive the name Sttgonuiia (fl_v which hides), and in this new 
genus he established ‘ii! species. It is one of these species, the Ste- 
fjohiyki fuKi iatu. which to the exclusion of all others, transmits the 
yellow fever 2tarasite from the sick to the healthy man. This Ste- 
gomyia. moreover. is the most cosmopolitan of all species of mosquitoes, 
and its wide distribution explains the continuous sjtread of this terri- 
ble malady since the di-coverv of America. 

Before entering into the blood of a man the fever germ must have 
passed a jteriod of incubation in the ti^siies of the mosquito, and vice 
versa. This is a fact f)f jn’ime imimrtance. The sicknc'^s of man 
implies the sickness of the moscjuito. and inversely. The mosquito's 
illness, however, is light, scarcely perceiitihle. while tliat of man is 
-evere. If ever the human race arrives at the jioint of being frivd 
from the yellow-fever micro-organism, the will' 

he freed at the same time. Thus there is a sort of jiathological com- 
pact between man and the mos(piito. a kind of unhealthy fellowship 
of which the existence of this infectious bacillus is the binding force. 
IVe may therefore believe that in order to eradicate this plague — that 
is, the iiarasitic microbe — this fellowshij) must be dissolved. The 
healthy man must be isolated from the infected mosquito and the 
healthy moscpiito from the infected man. There would be no danger 
in the contact of a healthy man with a healthy mosquito. That is the 
theoretical idea. The practical sanitary scheme follows this formula : 
To drive out the mos([uito, to kill it. or to make it well. Only by 
accomijlishing sejtarately one of these three aims, or all three at the 
same time, have the sanitary authorities been successful in making 
healthy the island of Cuba, the Brazilian coast, and more recently tin* 
territory of Dakar, in the Fremli West African colony. Success has 
been attained in purging these regions of the disease which had 
existed tluTe in an endemic state, and in stilling at the start e[)idemics 
threatened by imjmrted infected cases. It is the same line of action 
that will have to be followed in ev(‘rv locality at each reajtpearance 
of the disease until humanity i' entirely freed from it. 

But to avoid the mos(qiito. or to tind sheltei- from its bite, we must 
know its mode of life, its customs, its habits, its j^eculiarities, or. in a 
word, its complete life history. And that is just what we have 
learned from numerous researches by medical naturalists, among 
whom must be named the nieml)ers of three commissions organized by 
the luiited States. English, and French (rovernmeuts and sent to the 
infected localities t(j study on the spot the evil and its i-einedies. 
Mention must also be made of scholars fiom the Colonial Medi'^al 
School of Liveiqjool ami from the Institut Pasteur de Paris, who 
have directed these studies and summarized the results. Besides 
special memoirs, the jierusal of which is iiicoui] (arable to <rain a 
knowledge of the subjects, several recent jtublications of a more gen- 
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eral character have oli’ered the -scientific public a collective view of 
the ideas gained. Amons' these Avorks special mention should be made 
of Dr. Raphael Blanchard's elaborate volume upon the natural his- 
tory of mospuitoes and their relation to medicine, and of the excel- 
lent little book of Messrs. Chantemesse and Borel upon the yellow- 
fever misquito. 

Through these documents, traced to their ditl'erent sources. I shall 
explain, not so much the practical methods employed in the strug- 
gle against yellovr fever as the scientific theories upon Avhieh the 
defense is based. 

T. 

The history of yc-llow-fever epidemic-- in various epochs shows a 
remarkabh- teudeiicy for the di-ease to extcmd its ravages. Drigi- 
natiug in the i-laml- and on the coa-t of the Dulf of iMexico. it re- 
mained for a long time bound to its birtliplace. At Vera Cruz tlie 
Spanish conquerors waged war agaiu-t it from their first attempts 
to conquer iNIexico at the Ix-giuning of the sixteenth century. It was 
as formidable an eiu-iuy to them as the Aztecs. Historians of the 
conquest record that the baud uinh-r Diego de Xune-. numbering 780 
men tvhen in l.lOP it had Ju-t taken posse-sion of the lowlands of 
Vera Cruz, lost 400 nien in a short period, and fifteen months later 
their number tvas reduced to <',0 men. This first disaster tvas signifi- 
cant. It announceil to invaders the frightfid consumption of lives of 
Euroiieans which this minotaur of the Tropics, known as the yellow 
tyjihus. black vomit, or yellow fever, ivas to make during four cen- 
turies. 

All along the coast of the (iulf of iMexieo. at the mouths and on 
the banks of rivers, the disease lived in an endemic state, showing at 
long intervals periods of epidemic outbreak more or less violent. 
From this permanent center, called the •' Mexican source." there ex- 
tended numerous epidemic radiations. Several, mounting toAvard the 
north, attacked the Bermuda Islands and the Atlantic coast of the 
Cnited States: other-, summering in the south, infected the Cluianas 
and Brazil: then encircling the South American Continent, set upon 
the Pacific ports. Sugar-laden vessel- from Culia carried the con- 
tagion to the maritime cities of Europi-. In the eighteenth century 
slave ships returning from the Autille- infected the Avestern coast of 
Africa. 

Most of these epidemics. (>manating from their original Mexican 
center. Avere extinguished on the spot only after disastrous ravages. 
But at other times the yelloAV fever, encountering in the new coun- 
tries conditions favorable for its deA'elopnient. established itself per- 
manently in an endemic state. This is Avhat happened in Brazil and 
on the coast of Africa. 
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Tliii> e>ta])li>lie(l t«<) >efon(lary >oui’cos Avhicli !)ecame in 

tlieir turn two new renters of radiation — the ffrazilian source and 
the Afi'ican source. This African source, which dates, as I have 
said, from the middle of the ei<rhteenth century, is located in the 
Gulf of Ciuinea between the mouths of the Xifrer and the Kongo. It 
is ])artieularly in the region of Sierra Leone that the permanent en- 
demic character of the infection i-- clearly manifest: from here 
have radiated most of the eindemics which have ravaged Africa. 

The Brazilian source is of more recent date: it was established in 
the middle of the ninet('entli century. In 184i> a single ship from 
Xew Orleari'. tin' Jinisil, l)rought yellow fever to Bahia. From that 
city another vessel, the Xarnnr'. carried it to Bio Janeiro, where it 
found all the conditions necessary for its naturalization — a low. 
nnirshy ground, river depo-its. an intense heat, and an excessive 
humidity. .So the disea'e took permanent root as an ('iidemic: it 
b'ccanie a national disease. Finally it branched out from this new 
center toward the interior countries, following, as usual, the courses 
of rivers. Thus was produced the epidemic which in ls7t). during 
the war waged by Brazil against Ihiragimv. broke out in AssuniiJtion. 
on the Parana, 1.20b kilometers from the coast, and with 30.000 
victims spread as far as Buenos Ayres. 

Etiroito in its turn has been the object of many repeated attacks by 
tliis terrible plague. The sfuitherit countries below the forty-third 
degree of latitude have especially sutfered. .Spain was attacked for 
the first time at Cadiz in 1700. 'I'he sanu' ]>ort was infected from 1730 
to 1734. then in 17s0. again from InOO to lso4. and fi'tiin ISIO to 
1S12. The ejhdemic of ISOO to l.s04 iiisteail of being confined fo re- 
gions along the coast (■limbe<l the coiirsf' of the ( iiiadalrptivir and 
gained the interior country: it spivad to Andalusia and fell upon 
Catalonia, with a total of SO.OOO victims. In islg Barcelona w.-m jn- 
fei't('d by the ship GikikI Tiir< . hailing from iral)ana. and 20.000 per- 
sons perished. Another epidemic broke otit in Pasaoes in lsi2S. 
From this date there is nothing to mention except two relativelv mild 
incursions of the plague — one in Barcelona in 1870. the second in 
Iladrid in ls7s uijon the return of a Cuban reifiment. Portugal was 
seriously attacked at Lisbon in 172.'). and lightly in 17.->0 and 17.‘')1. 
In IS.J) Oporto v as the seat (d’ an important epidemic which, brought 
by two ships from Brazil, killed 7.000 jtersons. Italy, since it has 
little maritime relation with the centers of contamination, has re- 
mained almost entin'ly free from the plague. Nevertheless in 1S04, 
at the time of the .’Spanish e])idemic. contagion sp,-(.;,ilino- from Bar- 
celona to IJvorno caused the death of l.JtMl jita’sons. In 1SS3 a 
patient ari-i\(‘(l a.t T<irre .Vnnnnziata atnl liecauK' the centi'r of a slight 
spread of yellow fe^er. 
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So much for llie hot countric- of Europe. Iii the more temperate 
regions of France and England north of the forty-third parallel 
there ha\ e fre(iueiitly heeii yellow-fever (ame- imported by ^hi])<. but 
never a real ei)idenuc. 

In France tin' diip qnarantiiuv of Mar'eille and of Ilre^t I'eceiveil 
jiatients afflicted with yellow fi'ver in l.sO-.t. isod. 1 m) 7. ISdl. ls:]b, 
IS.'lib and. later, nearly every yeai- from ls;U to 1!»00. In each ca^e 
the worknu'ii em]iloyed in nnloadinji the ve>.~eE were infected, but 
there was no contairion adiore. 

The incidents at ^Marseille in ISdl and at Saint-Xazaire in ISbL 
ai'(' especially interesting: Messrs, (’hanteinesse and Borel have shown 
how instructive tlii'y art'. Mdiile Spain was violently infeett'd ditring 
thi' sunimer of ise], a briir. the left the port of Malaga 

bound for iNIarseille. E|)on tin' day of its dejtarture. Aitgust -it), a 
yellow-fever jjatii'ut died on board. During the trip a s(>cond case 
bi’oke out. and on Septemln'r 7. u])on the shi])"s arrival in Marseille, 
the itatient was sent to th(> ho-pital at I’omegue and tlu' vt'ssel held 
in tlu' (jttarantine basin. ( Itht'r \-essels to rht' nimibi'r of 4b. hailing 
from such coiititries as 'I'unis. ('v|irns. and .Me.xaiulria. where yellow 
ft'ver had ueA'er existt'd. were mooretl alotig the (piays of the basin 
atid kept strictly apart without tin* least contact with eai-h otlu'r. 
Xev('rth(‘less eax" of yellow fi'xer bi-oke out around the brig, even in 
tli(' (|uarantint' ba'in. From .'■'(‘pteiiiber 7 to (ictober iG :2'-i persons 
Were infected. 4'hese were some sailors on the neighboriiie- slaps, 
some health otlicers stationed on board for their sur^•eillance. and a 
laborer working on a pontoon anchored a short distance away. 

It was a matter of surprise that the disease so coiitagiotts on ship- 
board and in its immediati' \ icinity was not contagions from the pa- 
ti('nts traiisfei’ia'd to tlm hospital, nor. as in the case of the workman, 
in their houses in the city. No cas(' of contagion in fact originat('d 
either in the hospital oi' in the city. It is not. then, the sick man 
himself nor his clothing, noj' his linen, that ari' the vehicles of tlu' 
disease, nor eveii tlie shrouds of thi' deceased ones, but the vehii-les 
are the mos(;uitoes, the honsi'liold insects, which of their 

owii accord wander no more ilian a ft'w hundred yards fr.un their 
birthplace. In tlu' presc'iit instance the breeding place of the infec- 
tious mosquitoes, their home, was the obscure corners of the shij) 
.7 K a! nm. 

Tht' epidi'inic of Saint-Xazaire in bstil fiirnislu's an analninHis 
(‘xaniple. The ship Anur-Murir sailed from Ilabana Jtine T_' and 
arrived at Saint-Xazairi' July g."). Xine sailors were attacki'd with 
Yellow fe\('r during thi' voyage, but thev had recovered. The shin's 
sanitary condition being good it was admitted to ]iort. 4'hev opi'iied 
the hold, the haunt of the insects, a ventable box of Eandora. Thev 
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unloaded the cargo and proceeded to make repairs. Presently some 
cases of yellow fever developetl among the workmen, the mechaiiict., 
the people dwelling in the vicinity of the infected ship. From July 
to August Kj. 21 individuals were attacked. The epidemic of 
which the Aniu’-M<(/'!r was the center spread to the neighboring 
vessels, and 10 new cases broke out more or less tardily after they 
had left iiort. 

England is in the same condition as France in re-pect to yellow 
fever. The ports of Falmouth. .'Southampton, and London have had 
several outbreaks of the disease'. Epidemics may originate on a con- 
taminated ship, carrying in its hold some Stegoinyia. These in- 
sects. either infecte'd when the ship sailed or susccptil)Ie of infection 
from yellow-fevi'i' patients during the voyage, transmit the disease to 
whoever ajijeroaches tlieni. Some nios(|uitoes jiass to ships near by 
and make them new centt'i's of tlu' disease. That is the story of tlie 
epidemic of Saint-Xazaire in istU. It i' likewise tin- hi-tory of the 
epidemic that occurred four years later at .Swanst'a. England, where 
the ship arriving from Cuba, contaminatt'd a score of pc'r-ons 

coming aboard and spread the fever to anotlu'r vessel anchored in 
its vicinity. 

This is not the j)lace to give a story in detail of all epidemics. It 
is enough to say that all the ))articular circumstances are ch'arly 
explained by the supi)Osition that the mO'(iuito is the solo agent of 
propagation of the infectious germ and by the knowledge of its mode 
of life, its habits, and its dwelling places. 

TI. 

What has been saiil of the geograjJiical distribution of yellow 
fever has shown the tendency of the diseast' to spn-ad i-ontiuuoiisly 
on land. It is soon that its pi-ogrcss has been st(‘ady since the b'‘gin- 
tiing of the sixteenth century. Can we tell where its onward march 
will sto]) unless .scientitic hygiene ititerveiies to cut it short ? Should 
we siippoM' that it will continue indefiuit('ly and that the pest with- 
out cessation will overrun new regions as navigation is de\eloped 
and as commercial relations are multiplied with coiitandnated coun- 
tries ^ Finally, what are the countries menaced in the more or less 
near future I 

It is easy to answt'r these (juestioiis. It is enough to translate the 
statement into a language conforming to the {luctrine of propagation 
of the disease by the mosepdto. The yellow fever will be iuiplanted 
wdierever the Stegoinyia lives and multiplies, or better, wherever it 
is capable of living and multiplying. T.y a hajiiiy cliance for Euro- 
pean countries it is found that this speeies of nios<|uito can live only 
in conditions of high temjierature. <'xactly aihqited to the accomplish- 
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iiient of it' \'ital fuiietioii'. 'rhc perfect inject can only at 

a teiipicratiire between CiO and 100“' F. : below (;0 it i' jiaraly/.ed. 
beiiuinbed. it die>: at ti.'i' it move' with difficulty. It biti's with 
euerii'v only above It inati'' between (is and .s.') . but theiv i' fer- 

tilization only when the tianperatnre i' al'tow 7 ~>\ It lays it- efrirs 
in the water where it live', in 'tattnaiit water of llower vasC'. ifuttcws. 
bottle-, tub', and >ink'. but oidy when the teinperaturi' i' from SO 
to s.l . 

I’he t-onditioii' of develojinient of the larva- are not le" rie'oroU'ly 
preci'i-. 4'he develojnnent of th(' eirit: and tin- hatchiiie- of the larva 
demand a temperature bi'twa-en (is and s.')- — the l)e>t is at sc . All 
lowc-rinii' under lliat lia'ure 'hoW' it'elf by a “reater oi- Ic" retarda- 
tion ill their de\elopment. Tlu' laiwa i' a(|uatic. It' re'iiiration of 
air obliyc' it to ti.\ itself at tin- 'iirface of tlie water or to ri'e there 
to 'cek the air ])eriodica 1 ly. It develops normally into a perfect 
iii'cct in a jiei'iod of nine dav'. providi-d tlu- tempi-i’at nri- at niiiht 
(!(»-' not e'o b(‘low so : otlu-rwi'(‘ tlu- formation of tlu- winced iiisc-ct. 
'■ajiable of matine- and of n-prodiicinir it-^i-lf. i' prolonged to forty or 
i-ven 'ixty days. 

'To sum up. tlu-n. it a|ipt-ar' that the yi-llow-fever mo'i|uilo obtains 
its full and n-c'iilar vital d<‘Velo{)inent otdy at an avi-raii’e ti-inpera- 
tun- of s-j'. and that any lowc-rine- of tlu- temperature niydit or day 
reiuh-!-' k-'s efficient 'onu- oiu- of it' [divsioloirical functions. This 
data is coii'i-iiuently of the Hi-'l importanci-. 'Plu- strict d(-])endenco 
of du- mo'ciuito on tempi-raturi- condition' i' an i-s'cntial fact in the 
inti-rpn-tation of tlu- history of yellow h-vi-r: it is the key to all its 
mysteries. Tlu- .'Stt-e-oniyia nee-ls ph-nty id’ heat and of heat steaiUly 
maintaiiu-d. .\s >oon as tlu- ti-mperat nr<- f.dls. the insect's life be- 
come' eiidane-eri-il. and at CO it is benumb, -d and soon dies. This 
s(-nsitive ins(-ct doi-s cw-rytliinc: in its jiower to jirotect itself from the 
increa'Mic' chilline" of tlu- air. and it' mode- of livinc’ idh-rs the nu-ans 
for doinc- so. It i' ji.'-actically a h-llow -boardei- with man. under the 
same roof. It is a domestic animal, liki- the house lly. Whent‘\i-r it 
is cold, it takt-s retiiii'e in kitchens. l>athroonis. heated bedrooms, in 
liakeru's. or in other warm jilaci-s. ( )n ship' it linds a last resort 
(-lose to tlu- (-nciiu- room. lu-ar the lu-at pipi-' or smoke pipe.'. If the 
temix-rat m'(- fall' lii-low CO . it becouu-s torpid and lu-numbi-d like a 
marmot. 

Tlu-'(- conditions in tlu-ir rie-orou' prt-i-i'ion an-, so far a' known. 
2 )(-culiai' to tlu- St(-c-omyia ainoiic- all nio'<piito(-'. and i-xplains 
many features in tlu- history of yellow h-vt-r. I shall iiu-iition 

but oiu-. This n-latc' to the pt-cnliar immunity (-njoyed bv the 

inhabitants of Tetropolis. in llrazil. Pt-tropolis niav be called 

tin- sanitarium of IJio Janeiro. It is a country report oO iuilc< 

SM 190.') - -2t) 
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from the e;ipital. at an altitude of '2.600 feet. It is the resi- 
dence of the well-to-do j)opidation — the diplomatic corps, the 
principal merchant^, financiers, and Government officials. Before 
nightfall all these take the tram for the elevated region, where 
they find hracing air ami* healthful security. Petrojiolis. in fact, is 
free from yellow fever at the very time when Rio i'- scourged with it. 
and 3 et between these two place-, there i'- a lively traffic and constant 
relations. Even more, some yellow-fevt'r patients are taken there 
for treatment throiighout their illness, yet the disea'-e is not communi- 
cated to anyone. The reason i-; that the Stegoinyia can not live in 
that climate, and such as come in the railwav trains each day iierish 
immediately, for the evenings are cool and during th(> night the tem- 
jierature often falls below (U)'^. There is sometimes another explana- 
tion given for the immunity from fever enjoyed in this Brazilian 
country rc'-ort. It is attributed to the altitude of the region above 
sea level. This is a mistake. Yellow fever and its mosquito are 
tound even at greater heights than Petropolis. It is enough to men- 
tion the ('pidemics at .Morne Rouge, in Martiniiiue (9'2() feet eleva- 
tion) ; at C’anip Jacob, in (iuadelou])e (1,600 fed) : at Newcastle, in 
Jamaica (4.000 feet). The fact is that thermonietrie conditions are 
paramount. 

It is found that the extreme Inatt and humidity best adajited to 
the welfare of the yellow-fe\er mos(|uito are most common along the 
coasts of tr()[)ical countries. The lands Ix'st suited to tin' swarming of 
this insect and to tin* spread ol tin* ]>lagui- form a bdt around the 
earth noi’th and south of the e<|uator. If lines be drawn in the north- 
ern and southern hemispheres ( orresponding to the forty-third par- 
allel of latitude, the circles would mark' the iippei' and lower limits 
of the home of the Stegoinyia and. accordingly, of the yellow fever. 
The region conqirised in this vast '/.one form what iMM. tdiantamesse 
and Borel call the " infectible territories,” and the more temperate 
conntrii's on either side of this /.one, denied to the mos(|uito. arc the 
" uninfectible territories.” 'I'he Sti f/oiii iihi considered as a 

sjjecies can not become acclimated beyond this eipnitorial zoiun for 
it does not find that almost invariable temperature of S2'^ which is 
indispensable for the proper exercise of its vital functions, and 
especially of reproduction. 

The infectible zone represents the actual or virtual habitat of the 
infectious mos([uito. It is the region of epidemics and is also the 
region of jiossible endemic or permanent centers (jf infection. At 
iiresent the Stegoinyia. which is a genus of mosijuito very cosmopoli- 
tan in its habit, lives in wiih'spread districts throughout tin- infecti- 
ble zone. Theobald found it in India, the Malav aivhijielago. in 
Japan, in Africa, in America, and in all waran countrii's where he 
hunted for it. The contagion is capable, if not well guarded, of 
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frpreading over a very large part of the wanner portion of the inhab- 
ited globe. Thus, if an infected vc>^el. having on board men or 
merely mobquitoes contaminated with the diMame, makes a landing in 
the infeetible zone, it threaten^ a whole comitry with an epidemic; 
men inocnlate the Stegomyia. and now generations of Stegomyia 
carry the disease to other men: the plague progn's^es, the contagion 
spreads in scoj)!* and in duration; the port, the city, the roniitry is 
ravaged. This i.' what happened in Spain at the timi' of the (‘pi- 
deniic at Cadiz and at Barcelona in 1S04 and ISld. 

The case is totally dili'erent in the uninfectiblt' territories situated 
))eyond the habitat of this mosquito. The infected vessel occasions 
only a local ej)ideinic. which exhausts itself on the spot. The in- 
fectious ins(H'ts, on account of their sedentary habits, never wander 
far fi-om tlu' ship that houses them; they bite only those imjtrudent 
enough to disturb them. At the farthest they move only to the 
neighborii'.g vessels. Since the climate is unfavorable for their 
rej)roduction, their ravages last only during their e])henieral life. 
1 fence these minor (‘pidemics are limited to a single ship or to an 
anchorage basin and \anish of their own accord. This was the taise 
with the yellow-fever invasion observed at Marseille, at St. Aazaire. 
at Swansi'a. and in general at all French and English ports. The 
reason for this is understood. It is because all of England and 
nearly all of continental Erance are beyond the forty-third jiarallel, 
and consequently the disease does not Hourish there. 

III. 

This line of demarcation between tin* countries that are susceptible 
of infection and those which are not. a liiu' fixed by the forty-third 
])arallel. has much importance in the cumj)aign against the yellow 
fever. On one side of tlu' boundary the peril is great, and sanitary 
measures slionld be rigorous. On the other side there is. so to speak, 
no danger at all. ami the subject of sanitation is very much sinijili- 
tied. On either side of this entomological and pathological frontier 
the health regulations may. ami should, diil'er. They should be made 
in accordance with scientific facts, which enlighten both theory and 
])i’actice. flow th*' obsciii’ities disa])pearl How the paradoxes van- 
ish that troubled investigators just a few years ago ! The physicians 
in the Marseille' ([uarantine dni’ing the epidemic of ISgl umk'rstood 
nothing of the' nature of that disease which was so frightfully con- 
tagious on shipboard and which ceased to be so the moment ])atients 
were transferred to the city hospital. .Ml is clear now that scfiolai's 
on the Eniti'd State's commission of lUOO'' have' taught iis that then' 

« Sop Sniitlisdniaii Uepert for 1 !h> 1. pi). Ci.tT-CiT:’. : also biotrraphy of Dr. Walter 
Heed ia present Suiitlisoaiau Report for luu."). 
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i-i IK) contagion from tlir iiifectod person"', noi' from their clothing, 
nor even fixjin tlieir fa'cc'. hnt only by infected nio'-quitoes. wliicli. in 
the ca>e mentioned, were confined on a ves.'cl. ^^’hat a paradox it 
seemed to (q)ideiniv)logists of tliat time that of two cities — Ha.rcelona 
and iMarseille — one cl('an and new. the other insanitary andold.it v. ris 
th(' lii'st Avhicli was lisited liy the yellow f(“V('r, whih' the second 
remained untouched. 'I’here is no l'.)nger a paradox for those who 
know that one city is on the northern and th'‘ othc'r on the southern 
"ide of the frontier that limits the h.il)ital of tlu' contaminating 
mo'-([nito. 

'I’Ik' forty-third parallel strikes the continent of Kiirope at k'errol. 
in .'"sj,;iin, follows thi' Pyrcnni's district-'. cros~es the Iltere-- Islands 
l.'elow .Mar-eille to the Irnghts of Leghorn i;i Italy; it leaves bidow 
it luairly all of Spain, the southern half of Italv. and of the French 
pO'sex'-ioii- part of the llyeres Islands and of ('oi'sica. Care should 
he tak'en in din'cting to any oiu' of th(“se inlands any French colonial 
coni|):inie' returning from \ellow-fe\'ei' countries. 

The infectihle countric's. possible prey for the pestilence, comprisi'. 
as may be seen, a coii'idi'fable enough jiortion of Kiiroptu the whoh' 
of -Vfrica. a large part of .Vsia. of .Viistralia. and the oceanic islands. 
Here is an immense empire that mu't bc' watched. It will become 
more and more formidiible, as direct ri'lations are mnlti))lied with 
the (litfereiit lUidemic centers of Ilrazil. the .Vntilles. and the Ciilf of 
(riiinea. T1 k‘ cutting of the Tsthmtis of I’anania. by opening to tin' 
])lague I’olynesia and the A-iatic worhl. might create a numacing 
danger. 

The way to pre\enl this extension is to attaclc the agent of it- 
jiropagalion. the Stegomyia. both on land and sea: on land by trying 
to purge the endemic centers where the iliseet becomes iufia-tious. 
and on sea by attempting to destroy the niosipiito itself in the shi])s 
'\ here it tinds refuge. 

Three signal \ictories ha\e been gaineil o\er \ellow fever dining 
lhe~e later years — in (iilia. in Frazil, and in T)akar. in iATst Africa. 
The lirst is tile most memorable of llu'se e\ents. It is the purilieation 
of the endemic center at Tlabana. This occurred in IHOI. during the 
(iiited .States oci'upation. The daily pres.s in countless articles has 
■ pread the details. 4Ve know that Frig. (ien. Leonard 4^’ood. go\- 
crnor of Ilabana. deci’eed one line day that the plague should b,' 
wiped out and the mo'iiuitoes destroyed throughout tin* entire city of 
Ilabana and its s|il)iii-l)... and we know that it was done. Praise has 
tightly been given to the spij-it of decision, of activity, of luiergy. 
and cNcii Draconian rigor which attended the execution of this w()rk. 
It remains to point out its wisdom, its exact conformity to scientiiic 
theories. 
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The tln'orv ivas that the mosquito i'- the >ole <li>''eminatoi' of the 
(lisoa'^e. This i> po'eisely what the Ihiited State' (•omiiii'>ioi!. ap- 
poiiiti'il the year het'oiv, liad just ])roveii. It had shown that all the 
otlier siip[ios(‘d causes of eonta'tiou were inia'iinart : that a man 
could slet'p in the IhmI of a sick patient or of one deceased, could come 
in contact willi his hecc', put on his clothe', use hi' litien. coniine 
hiiuscdf in hadly ventilated rooms at a humid temperature of LOOT 
and lea\(‘ mi'cathed hy the test if he escapc'd the mo'([iiito hite. The 
extei'ininatiou of the phiifiK'. thtm. leads to the extermination of the 
mo'(|uito. T)Ut thi' jiretmisiou of hauishiiiir such a wilv enemv seems 
fooli'h at lifst siiflit. 'f'ou can hardly rid a room of one litth- insect 
that l>uzz('s around, and yiT they say \oii would rid a swampv coun- 
try of k-e'iou' (d' mos(|uito(‘s tiiat ahouiid there. 

'riu> yellow fever Steyomyia dot's not hri'ed in swamps. It has not 
the liiihit' of the Anophi'h* of the mar'll, the malaria mo'(|uito. It 
dot's nt)t live like tlud out', in the opt'n ctuintry. but tlwells in houses. 
It is a doiut'stic iiisi'ct. It stays at htmie. is wars, anti T sensitive to 
tile wt'ather. hike many ttther mt>st|uitoes. it iieser roc' mtire than 
.-lOO or ('.on yards away frtim its hreeiliiie- jtlace ami journeys tudy 
when its home — a sessel tir a carriajn' — jtturneys. There is no neetl 
to ft'ar that tlu' insect may be carrietl far by tlit' wiml. ftir it dreatls 
till' wind. It tint's ntit tru't itself ttutihttu’s wht'ii tht'i't' i' the litflit- 
e.-t lu'eezt'. The problem i' thus 'implilieth It is no loneer a i|Ues- 
tion of protectiuit imiueii'e ai'eas. It is eiittuiih to prtitect the house 
ami its immediate ein irttn — tht' cAy ami a limitetl surroumline- zone. 
Still it wtaihl bt' U'eh'ss to capture the iii't'ct tm tlu' \\ini>' ttr at rest. 
It is permitted tti comph'te it' shtu't life, but i' Jiot allowetl tt) havt' 
t)lfs|)rine’. Tht' female i' ])re\eiitetl frtuu laying’ it' eii'H'. Thi' is 
accttmplisht'tl by tlraiiiinir stagnant water left in st) manv ifardens 
•niil httU'ehohl utensils wlit'i't' tht' mt)si|uitt) 't'eks a breeilinn' jtlace. 
Ilt'iice the t'llicacy tif the measures which fttrbath' the pet)|)le of lla- 
■>ana from keepinii' water in any ttther way than in cttteretl rcci'j)- 
taeles ttr with a coat tif ttil tir petrttleum ttn top. 

Tht' success of tlu. measures ta.ken by the American phv'icians. 
(tttra'as. Finlay, ami (luitera'. in Ilabana was conqtlett'. Velhe.v 
fevt'r has ili~a])peared frtini there. On Ajtril I. IHOI. tht' Prt"iilent 
of the Iit'pultlic t)f (’u.ba. in hi' me — a^e tt) the C'tinnTe". s[)tike thus; 

Tlicri' has m.t hcc.n m t’uha ^iiu-c mm u single i-ast' at yellow I'cvi-r not iiii- 
norlt'd. 'I'lic (imntrt shoiiltl know nl this fxi-olleiit '.initai't l•onllitlou. wliich is 
lint' to tile nerlVctioii of ]ii-oiiliylat rit- iiit'astires auil tlie vitrilaiirc of tlio lit'alth 
anthoritics. 

Events happened in tht' smne way in Brazil. Dr. Oswaldo C'ruz.in 
chaim' of the oro-anizatioii t)f tht' eamptiiifii ayain't W'llow fever, 
with etpial succc" rejieatetl at Kio tie Janeiro what had been dtme in 
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Ilabana. The enforcement of the measures began April 20. 1903. 
The mortality wliich before had averaged 150 deaths a month fell to 
S in the month of April and to 1 in June. In January, 1901, there 
Y ere recoi-ded only 3 deaths. 

France decided to follow these encouraging examples. The gov- 
ernor-general of French Western Africa. iM. Komne. adopted an ad- 
ministration analogous to that of Ilabana and Rio de Janeiro, and he 
knew how to j)rotit by these examples. J'he result was not long de- 
layed. On iMay 29. 1905. an imported yellow-fever patient died in 
Dakar. Thanks to the ])recantions taken, this death has not been 
followed by a single other one. The threatened ei)idemic was 
stopped at its first stride and that colony saved from a new disaster 
such as it had sntfered twice in less than thirty years. 



LUMINOSITY IN PLANTS.' 


By Prof. I>r. IIa.ns .Moi.isch. 


Si.\ty-two veurs ago, at the twenty-first meeting of German 
scientists and physicians at Gratz, over which no less a personage 
than the famous ehemi>t. J. von Ihehig, pre'-ided, an Austrian investi- 
gator. J. dh Heller. ga\e an address upon the luminosity of decaying 
wood, and advanced the idea that the production of light did not 
come from the decaying wood itself, but from a fungus which pene- 
trated the wood. Not long after this the same investigator carried 
out a thorough examination of light coining from decaying animals 
and plants, and discovered that the luminosity in the flesh of dead 
marine animals and various decaying plant substances was not a 
purely chemical but a biological process, uniformly produced by a 
certain plant, a fungus. That is to say. it is not the flesh of a fish 
or the wood that is luminous, but a fungus living upon these and 
penetrating them in proportion to their decay. It may be noted 
that priority for this discovery has been accorded, though unjustly, 
to the gifted ])hysiologist. E. Plliiger. because Heller's investiga- 
tions dropped entirely out of sight, and were only recently discovered 
by me. The priority unquestionably belongs to Heller. 

By understanding that the problem is a biological one, an im- 
portant basis has been gained for further investigations. As. fur- 
thermore, K. Koch has enriched scientific knowledge by his bacterio- 
logical technique and the method of pure cultures of bacteria, the cul- 
tivation of various light-producing bacteria and recently also of lumi- 
nous fungi has been successfully undertaken. IVe are now in condition 
to approach the subject of distinguishing between various species, of 
investigating the conditions for luminosity, the nature of the light, 
and the problem of light development. If we exclude light develop- 
ment in the Pc/vV/Z/uu , which are sometimes referred to the animal 
and sometimes to the vegetable kingdom and which play an im- 

a Translation of Die Lichteiiwiekeluns' in den Manzen, %-ou Prof. Dr. Hans 
Moliscb, Leipzig. 19u5. 


351 



352 


LrMI^fOSITY TN PLANTS. 


portant part in tho >trikin^ -^poctacle of inarino phosphorescence: and 
if we ignore the 'o-ealled glinmier of flower-'. lii>t oh-(‘rv(‘(l hy tlu' 
daughtei of Liniueus, wliich is attributable to an entirely dilfereiit 
cause. ])robably a j)urely physical one. and iiio't likely to the apjjc'ar- 
ance of St. Fdino's fire, all light-producing jilanfs may be said to 
belong to the Fungi: that i'. to the Ilacteria and the mycelial Fungi. 

Tn order to avoid nii~und(‘rstan(ling it may be said tliat in speak- 
ing of light-producing plants I refiu- invariably to tliosi' plants whii'h 
of themselves produce the liglit. their own and not retlecti‘(l light, to 
which latter jihenomenon are to lie referred the woiuU'rful iridescence 
of many sea alga', the ri'inarkable emerald green gleam of the lumi- 
nous moss St /iisfosfi't/ii iisini/iidt// cii. and the reflection, like li(|uid 
gold, of the Flagc'llate. ( Then' are in 
round numbers thirty ditb'reut kinds of bacti'i'ia and about halt as 
many other fungi which liavt' tlu' power of luminosity. If wc' corn- 
pan' this to till' comliiued number of existing ])laut sjH'cies tlu'V 
doubtless appear as a very small proportion. Xeverthel('s~ we an' 
frequently surrounded with lumimais objects in nature and even in 
the household. Ir'cause certain ones of these light -producing fungi are 
among the most common of all plants. Of these I will give a couple 
of examiik's. 

Until rec'ently luminosity in butchers' mi'al was considered to bi' 
a s])ectacle of rare occurn'iice. a curiosity the cause of which was un- 
known and the coiiditious ju-oduciug it iufreipK'Ul. ^^'hen 1 undi'r- 
(ook an investigation of the matter I lacki'd proper material: and 
althottgh I comuumic.ited with various people and institutions wlii'n' 
luminous meat would be most likely to lie found, not a siugh' specimen 
was suf^plii'd to nu' for fully two years. I ^as about ready to aban- 
don the undertaking when tlii' idi'a came to me to e.xamiue mi'at 
supplied to nu' for housi'hold usc>. and to my astouishmeiit it appi'ared 
that such meat, kept for from one to thri'c da vs in a cool place, bewail in 
many instances to spontaneously produce light. In following up the 
matter I found that tlu' luminosity much more frequeiitlv occuri'i'd 
if ordinary butchi'i's' meat was so immersed in a ])i'r ci'ut solution of 
salt that about one-half of it remained out of the li(|uid. Exju'ri- 
ments with meat carried on for three months ati'orded not less than 
8t per cent of cases of luminosity : thus, experiments with bi'cf atfoiah'd 
89 per cent, exjx'riments with horsellesh It.') per cent. I>y nu'aus of pure 
cultures it was demonstrated that tlu' cause of the luminosity was 
invariably the same intensely luminous bacterium, namely. litn fi^rhni) 
pliospltiij'eiuH ( Cohn) Xlolisch. .\s I have carried on similar researches 
for a number of years, not only in the city of Ih'ague but in otiier 
cities as well and with essentially the saiiii' results, it can be stated 
that the spontaneous luminosity of meat is in fact a (juite common 
occurrence. 
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The cause (if tlii' liylit (levelopiiieiit. li'ai tt i nnn [iJim^phni'i is 
one of tile most widely distrihuted of the haeti'ria. It is found on 
meat in refrigerators, in slaughterhoii-'e-'. in but(’hor shop'; in fact, 
it finds an entrance into our kitchens whore meat is usually prepared. 
For in no other way can we explain the fact that so many specimens 
of meat dis[)lay the power of spontaneous luminosity. I have of late 
come upon anotlun' form of light [iroduction, which, although of com- 
mon occuri’ence. is jiractically unknown. I I’efer to light from decay- 
ing leave--. During wallcs taken at night in the Tropics. es[)ecially 
in .lava. I fn'(|uently found the d('ad leaves of HiDiiIxitn. X< plwVnnn, 
A(/hji(i. and other plant- to he luminous in the darkne-s. On return- 
ing to Eurojie with the e\[)eriences gathereil in the Tropics. 1 looked 
into the same -uhjecl on native ground and found that luminous 
dead han’es of the oak and beech aiv (|uite common in middle Europe. 
The l(>av('s mu-t be in a somt'what moist condition and to some extent 
(h'cayed. Such leaves, ('specially, as display on account of decay a 
somewhat yellowish or ashen color or show sjiots of yi'llow and 
brown give a particularly beautiful light, d'he lumino-ity is usually 
local, rai'olv o\'er tlu' entire surface' — a white', soft, steadv light. 
IleiP iil-o the luminous cause is not the leaf substance, but the living 
fungus within it. 

According to my own ob-ervations, no inconsiderable percentage of 
falli'ii oak and be'cch h'aces iire luminous in the' summer time: and on 
all side's the fioor of the forest is illuminated with light, fe'e'ble. indeed, 
but ('asily dete'cted. Fufortmiate'ly 1 h;ive not iis yet Ix'e'n :d)l(' to 
isolate the fungus which produces tliis light of decaying foliage. 
Still 1 have employed with advantage the' methods of juire' cultures 
with the fungus, producing light in wood, and thereby have recog- 
nized in Aijiii-'k nx nulhus and Mijuliiitu the two fungi which 
with Us mo't fi'('i|U('iitly cau-e' thi- luminosity. At the same time it 
has be'conie' e'vide'iit that certain cryptogams genendly considered 
as luminous fungi, such as X ijlurld II inxi.ri/lon . must be stricken out 
of the list of the Jdmtomvcetes. and to this may idso be added Tra- 
J lift vs pnn. 

In Bill tvrhiiii jiliosphnrciim (Cohn). Molisch and Mycelium " x " 
(necessarily so cedled at jiresent. as despite years of cultivation it has 
not ve't fruited), are se'cured two remarkably valuable experimental 
adjuncts for accurately studying light development in a detinite way. 
because' of their relatively powerfid intensity of light and the un- 
usually long pe'i'iod that they are luminous. 

Luminosity and the growth of luminous beicteria are dependent, 
among other things. ui>on certain salts and oi’ganic substances. Table 
salt plays a prominent ])art in this resjieet. seeing that as a rule the-e 
bacteria are marine, eind for this reason 8 per cent of table salt is 
generally added to the culture iiiediuiu. The salt does nut serve as 
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food, but rather performs an osmotic function, by rendering the 
culture medium more or less isosmotic to the cell contents of the 
bacteria. Other salts can in the same iva^' replace table salt, as 
jaotassiuin chloride, magnesium chloride, calcium chloride, potassium 
nitrate, ifotassium iodide, and potassium sulphate. In fact, I have 
the impression that jmtassium nitrate is more active in causing- 
lununosity than the chlorides, such as sodium and potassium 
chlorides. 

We are indebted to lieijerinck for some exhaustive and valuable 
investigations upon the relations existing between nutriment, lumi- 
nosity. and growth. The method of his investigations is essentially 
the spreading upon thin gla^s plates of gelatin containing photo- 
bacteria and supplied with an excess of nutriment. When it is spread 
out as a thin him the Ijacterial Held (piickly becomes luminous. As 
soon, however, as the excess of nutriment is consumed, the light 
ceases. If now we add to the gelatin a substance the iutlueuce of 
which on luminosity aud growth we desire to test, it dissolves and is 
disseminated in a circle in all directions. If this added substance 
is a nutritive one for luminosity, we see. fre(ptently in a few seconds, 
the area that was affected growing Itiminous. By this method 
bacterial Helds exhibit reactions of astounding delicacy. Certain 
materials, preeminently lebulose and glucose, cause the Held to grow 
luminous in a few seconds. In this respect the photobacteria react 
with .so minute a quantity of material that Beijerinck saw in these 
reactions an analogy to the Buuseu-Hanie reaction. In one sense 
this bacterial reaction is superior, in that it continues longer. 

The luminous bacteria act in various ways with materials contain- 
ing carbon and nitrogen. One class, called by Beijerinck Pepton- 
bacteria, Hiids the necessities for growth and light develoianent sup- 
plied in pepton or some albuminous material : the other class, called 
by him Peptou-carbon-bacteria, requires at the same time the pres- 
ence of material containing pepton to supply the necessary oxygen 
and also carlxmaceous matter, which is not necessarily free from 
nitrogen. 

If the nutritive material is well adapted to both growth and a 
multiplication of bacteria, it will cause not only luminous Helds, but 
Helds of growth called " auxanogrammes," characterized by the in- 
numerable colonies of bacteria that develop far more rapidly in 
the Held where the material has been diffused than outside of it. 
Beijerinck calls such nutritive material " plastic." Luminous sub- 
stances are uniformly plastic though the reverse of this is not neces- 
sarily true. From this the important fact follows that light devel- 
opment by the luminous bacteria is not necessarily connected with 
either growth or respiration. 
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Beijerinck lia^ with great ability made ii^e of the luminous bac- 
teria for detecting the mO'^t minute quantity of an enzyme." 

The following example will illustrate this: He takes advantage 
of the fact that Fltofolxictrr'nnii phoxphoivKceni^ disjilays light with 
maltose, while PJiotohiirtxrinm Pfiigcji does not. lie uses a thor- 
oughly cooked mixture of sea water containing S per c(mt of g(>latin. 
1 per cent of j)ej)ton. and one-fourth jit'r cent of potato starch. To 
a portion of this he adds an excels of PJiotxhdctcr ’nnn plioaphori 
and to the re^t the same of Photohiu t< j /uni PfUjirri, and prepare-^ 
from these two similar gelatin plates e<iually illuminated. In both 
the starch remains unchanged, seeing that the'-e bacteina are unable 
to sei-rete the necessary enzyme, diastase. If now some diasta'-e jjrep- 
aration (such as maltose, pancreas-diastase, or ptyalin) is added to 
these j)lates. it distributes itself in all directions, transforms the 
starch into grape sugar, and upon the held of the Photohactt' I'hnn 
phoKphoi'rxi-vnx there instantly ap|)ear strong, shining flecks, which 
later spread over the whole Held of growth, while on the field of 
Phi)t()h((ctfriiini Pfiigcri nothing of this kind is to be seen. In this 
tvay Pliotolxictid'hini p/ti^xp/torcxct nx can be made to demonstrate 
through its luminosity the presence of maltose — that is to say. of 
a diastase. 

I’or an understanding of the nature of light development in plants 
it is above all lU'cessary to state that the luminosity is absolutely de- 
pendent upon free oxygen. The light is conditioned on oxidation. 
The Hnost investigations of the (hqumthuu (> of luminosity upon oxy- 
gen arc the brilliant experiments of Beijerinck. According to his 
researches the luminous bacteria afford the most sensitive tests for 
oxygen that we possess. Thtis the extremely minute quantity of oxy- 
gen which tiniccllular alga’ give off' in sunlight by their assimilation 
of carbonic-acid gas. is sufficient to instantly render these bacteria 
luminous. If we introduce these green cells into a glass tube Hlletl 
Avith bouillon containing luminous bacteria, the light quickly disap- 
pears because the bacteria speedily consumes the oxygen contained in 
the li([uid. If. now. sinli a tube is kejit in a dark room and then the 
light of a match is allowed to fall upon it for a single second the en- 
tire mass grows luminous. The green cells give off' oxygen, and this 
fabulously minute quantity of the free gas is sufficient to cause lumi- 
nosity in the bacteria. It is a remailvahle examjile of the fact that 
physiological nu'tho<ls not only conqtete w(dl with the best physical 
and chemical methods, but ^iHiinly surpass them, and that a vital 

" .\n enzyme is a product of certain plant or animal cells hy means of which 
food material of a certain kind, such as st.-irch, is transformed int<i another 
food material, such as grai)e sugar. Diastase is an example of an enzyme. — 
Translator. 
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function it-clf can he ii-'Cil a^ a inetliodieal factoi' of science of the 
highest value. 

A (leuion'tration of the iinj)()rtance of oxygen to luniinosity can 
he made before a large audience in the following way: A glass tuhe 
closed at one end. having a diameter of about S niiii. and a length 
of 1 to 14 ni. is filh'd to within V to 1 <'m. of the top with strongly 
luininoits bouillon (bouillon mixed witli Iliuftr'iinii iiliDiiu in or 

PKeiidoiiuihiix 1 iicifi rii) . Such a tube at tlie expiration of a (piarter 
of an hotir loses its light a^ the bacteria exhaU't the oxvgen. except 
the mere upper surface of th(‘ liquid in contact with the air. If. non. 
the tube is (■h)se<l with the thumb and invtu'ted. a bubble of air will 
ascend through the bouillon, making it' entire cour.'e himim)us and 
appearing in the darknc" like' a slowly asce'iiding skyrocke't. In a 
qitarter of an hour or k'ss (he luminosity again disa p[)('ars. and thi' 
ex]ieriment can be re[)('ated. 

Ifotanists. as a ride, tiaich that a dirc'ct re'latioiiship exists in the 
ftmgi between the d('vt'lo|)ment of light and rc'piralion. Thus 
Sachs sjieaks of phosphoresia'iice' as the nei'e"ary coiiseiptenci' of 
respiratioti. of pho'phoresc(*nce hi/ hkhhx of rt xph ofion. Ihit F. 
Litdwig has already demonstrated that luminous ba''tei’ia can be cul- 
tivated, and therefore made to grow and bri'athe nithout any lumi- 
nosity: and we can therefore' e'asily se'e* heiw that at iiu're'asitig te'in- 
jjeratttres the' iiite'ii'ity eef re'sieiratiem may sti'adily ineTea'e', but 
the intensity eef luminosity to eudy a limite'il degre'e'. The re'latiein 
e'xisting betwe'e'ii light de'veleepme'iit anel e»x\ gen is analeigoiis tei 
that betwi'e'tl e'olor eh' ve‘lei|)me'nt elllel eixyge'll. IMewt eif the' e'olor- 
[U'eeeltte'itig bae'te'i'ia 'how coleer eenly in the' pre'e'iii'e' of ox\ge'n, as 
e-an be se'e'ii in gelatin e'ulture' intee whie-h an infi'e'teel lu'e'elh' has 
be'en intreeeluevd. M"he>n the* fi'e'e' gas i-an re'ae'h the' bae'teria. the 
I'olor iippear'. but elee'jeer iu the' ge-latin the- bae-te'ria. e-ut oil' freem 
eexygen. ih'veleep witheellt e-eelor. C’oleei' preeelue't ieeii anel light |)re)due'- 
tieen are tlu'refeere' eexyelatieen plie'neeinena. * * 

During ree-ent time's (|uite a numbi'r eef inve'stigateers have bee-n 
incielentally eer elirectly eiigage'el in threewing light itpeeii the nature 
eef lumineesity — K. I’lliiger. Kaelzi'zew 'ki. Dubeei', F. Luelwig, Katz, 
Tollhatisen, Ijehmann. T>eije'rine'k, McKenne'y, and Aaelseen. Tleew- 
ever, their interpretatieeii' elith'r freem e'ach eethe'r ceeiiside'rably. The 
further eeiir kneewledge eef the silbje'e-t is exte'iieled the nieere jerobable 
appears the ieh'a that within the cell is ei hypeethe'tii'al suh'tane'C, 
“ pheeteegen," which has the' jieewer eef [ereeelue'ing light in the' presence 
of free eexygen. dhi' ielea ree-e'ive's sub'teintial suppeirt freem the 
fact breeught eeiit by lladzi'ZeM ski that a lieng list eef eerganic sub- 
stane-es, sudi as ahlehyele materials, e'thereal eeil'. carbeenic-aciel. 
water, fatty eeils. and e-ertain eef the alceeheel'. have the jecewer eef 
luminosity when brought into alkaline reactieen with active eexygen. 
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.\.s the liglit produced l)v three >ul)staiice' line an external and ejtec- 
troecopic likencee to that ])roduced by livin<r org'anieins. and as some 
of the substances in the list of Kadziszewski which are cajiable of 
luminositv exist also in liviiiii' cells (I mention h'cithin. fats, choles- , 
ferine, ethereal oiK. and ^■i'a])e snirar) that investigator has come to 
the conclusion that light development in living organisms can l)e 
explaiiu'd as an oxvdation of these same substance~. Ivadziszewski 
looks ujton the problem. th(‘refor(‘. as solved. A\'e have, however, as 
V(‘t hardl\' gotten that far. 'The (|uesiion of \\lu‘th.er Uadziszewski 
IS in the right could bt' delinitely selth'd if we could (‘xtra<-t from the 
living cell a photogen material which would show luminosity outside 
of th(' cell. Hut up to till' ju'i'sciit time the attempt has not been 
successful. Fiirtlu'rmore, according to I’fetler. no active light-caus- 
ing oxygen exists in the lixing [ilant c(dl. which does not scpiare with 
the theorv on which lladziszewski's explanation rests, inasmuch as 
his light-pi'odiicing substanc(> is hmunous only xxhen in contact xvith 
active oxygen. Xe\erthele~s. I look upon the ])hot()geu theory as 
till' most plausible, though \\(‘ at present hax'c no knowledge as to 
the iiiitun* of photogen. I’ossibly it is a material in no -ense similar 
to the luminous substances pnniously mentioned: perhaps something 
capable of giving light without actix’e oxygnn. 

There are certain facts which appear to me to directly support the 
iilea of a photogen. Thtis c(‘rtain animal organisms give otit a non- 
(•(dlttlar htmiiious secret ioti. and C(‘rtain cells logchher with their 
contents are capable of |)rodtteitig light when no longer lix'ing. ]\Ien- 
tion can be made of PliDlax. certain of the insects, myriapods, and 
many of the worms. X fact of signilicance and too little noted is 
that certain tissues and cells haxe the power of producing light in a 
lifeless condition. Thus manuscri|it written xvith the luminous mate- 
rial obtained from iola gives cdl light xxdieii it is damjtenexL 

The light organs of Lum /iiirix i(<><fihiia lose their luminosity xvlieii 
thoroughly dried and kept in a vacuum. Ihit. accoiding to Hongardt, 
if aftx'r a veai''s time they are taken out and moistened xvith a drop of 
distilled xvater the liiilit reappt-ai's. If Hlter jiaper is impregnated 
with the secretions of certain niyria|jods. it can. after txvo months’ 
tinu'. be made huninous by moi~tening. It is impossible in such in- 
stances to talk longer about " living cells" or " lixing c(dl contents.'’ 
for it is impos'ible to descril^ a' living the luminous matmial from 
an insect that has l)cen dried and kept for a year in a vacuum. In 
such instances w c are no longer dealing xvith a vital but with a purely 
chemical process; xve are dealing xxith a substance xvliich produces 
light in the ]ire'euce of xvater and free oxygen. 

In the case of luminous plants no such thing as a luminous excre- 
tion exists, though siich is erroneously stated to be the case, for the 
light exists only xvithin the cell. In other words, it has never been 
seen outside of the living jdant cell, and to that extent luminosity in 
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plants must be sjjokcn of as a genuine rihd luminosity. But in the 
same way not long ago aleoholie fermentation was held to be insep- 
arably conneeted with living yeast cells, while to-day. thanks to the 
brilliant biochemical discoveries of Buchner, we know that it is due 
to a certain material — the ferment zymase — which can of itself, 
although a lifeless substance, bring about the fermentation. We can 
suppose the same to ])e true for j)liotogeu. Although the isolation of 
such a luminous material has not as yet been accomplished, the fail- 
ure is probably due to the material being j)resent in such very minute 
quantity, to its extreme instability, and its destruction through the 
death of the cell. What photogen really is. and whether the giving 
of light represents a process of fermentation — these questions can not 
at ])resent be answered. The future investigator must unearth these 
facts. To directly or indirectly prove the existence of photogen : to. 
if possible, isolate it from the cell, and then render it luminous — such 
etforts, in the light of other biochemical facts, appear to me most 
tempting and by no means unpromising. 

Whoever has observed the swarms of fireflies flying through the 
darkness of the night like wandering stars, or the intense light of 
pure cultures of bacteria and the higher fungi, must involuntarily 
have been impressed by the peculiarity of th(>se " living " lights. 
And therefore it is ea^y to see that at a time when the science of 
physics has surprised us with unexpected revelations, appearing at 
first like marveh. that we should with redoubled activity turn our 
attention to the nature of this light coming forth from life, and seek 
to discover its physical, chemical, and pliysi(jlogical a(.'tivities. 

I wish, first of all. to call attention to a notewoithy difference be- 
tween the character of this light in the animals and in th(> plants. If 
we leave out of account the Peridimae and confine ourselves to the 
plants alone, we see they are always steadily luminous. The bac- 
teria and higher fungi give forth light for days, week-, months — in- 
tleed. under sonu' circumstances, as when supplied with abundant 
nourishment, for years, without cessation, day and night, while the 
animals, with few exceptions, shine only a short time, a few seconds 
or minutes, and mainly in response to some external irritation: so 
that the light gives the impression of a Hash or spark. The light of 
the fungi is of a white, gi-een. or blue character, and. contrary to 
earlier statements, never undulates lilv^the light of phosphorus: never 
is inconstant or glimmering, but is in all cases (piiet. steady, and con- 
stant, whether viewed with the nakeel eye or through the microscope. 
As a rule, its intensity appears to be low. and yet there are bacteria so 
intensely luminous that they can l)e seen on a bright day in the corner 
of a room without the eyes being accustomed to the darkness. A re- 
juarkable object in this respect is Burttntnn phoxidiorenin (Cohn) 
iMolisch. the luminous bacteria of butcher's meat, and, to an even 
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greater extent. Pseudotnonas hicifem Molibcli. a photobacteriiun 
which two years ago I discovered in marine fish, the light intensity of 
’vhich sui'iDasses that of any luminous laicteria heretofore known. 

To K. Dnhois is due the credit of having first attempted to utilize 
bacterial light in the form of a lamp, and I have renewed Dubois's 
attempt with the two already mentioned intensely luminous bacteria, 
and have constructed a bacterial lamp on the following plan: In a 
Florence flask, having a capacity of from 1 to '1 liters, is put from 
ilOO to 400 cubic centimeters of salt- 2 tej)tone-gelatin. It is then 
sfopjied with cotton wool and sterilized. When cool, but before the 
gelatin has quite solidified, it is iufect(‘d with a culture, fresh and 
luminous, of Uiiftn‘hnii /di(>.^plii>rcin)i or P^t'i/do/nonn.-: hi/ifent, a 
Iilatimini needle being used, d'he flask is held horizontally and 
slowly rotated, so that the gelatin forms a coating on the entire inner 
surface of the flask and then hardens. After being kei)t for one or 
two days in a cool room, the entire inner surface of the flask is covered 
with colonies of bacteria, so that it gleatns with an e.xquisitely beau- 
tiful bluish-green light, and ]u-esents with its soft, steady brilliancy 
a splendid appearance. I have lately found that the luminous ixtwer 
of such a lamp can be considerably augmented by applying the 
infection to the gelatin in parallel liia's about 1 centimeter ajiart, 
running from the bott<au to the neck of the ilask, and adding to the 
gelatin 1 to jtei' cent of peptoiu' and abo\it one-half ])er cent of 
glycerin, .^uch a lamp will continue Imuinons in a cool room for 
about hairteen days, and wlum the eye is ai’customt'd to the darkness 
will give light enough to see the face of a watch, the scale of a ther- 
mometer. or to read coarse* jirint. Such a Hask is visible on a dark 
night at a distance of (if jeaces. and could in an emergency be utilized 
as a night lamii. Inasmuch as dead luminous flounders are success- 
fully used as liaif by fishermen oii account of their light, a lainji of 
this kinil could be made to serve as a valuable lure* in cate'hing fish. 

IMv investlgatie)ns Avarrant me in stating that in the* future it Avill 
probablv be jiossible. l)y means of exact feermulas eef nutriment and 
bv selee-tive breeding, tee so increase* the inten-ity eef this excee*dingly 
cheap source of light, so five aho fremi lieat rays, that on account of 
its e'heajeness. its long anel uninterrupteel lumineisity. its freeelom 
fremi danger, and its lack e)f hi*at it can be turneel to [iractical 
acceeunt in jaeAvder magazines, in mines that are met teeo Avarm. and 
in other jdaces. 

In ceennee'tieen Avith the inve-tigafieeiis e)f F. Ludwig anel Forster. I 
mav state, in regai’el to the limunems bae-teria anel mycelial fungi, that 
their light sjiee'tra are* e'eentinueeus. Avitheuit dark lines, and. as a rule, 
sim})ly luminems spe*e'tra — that is tee say, een ae-ceiimt eef their loAv 
intensity theyv are e'eileirless: that the gjiee-trum eef the alre*a(ly named 
bacteria sIioavs a more decided trend toward the violet end of the 
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spectrum tluiii that of the higlier fimiri; and that in I’Cpird to the 
light of fungi (and this is also true for insects) the green ravs domi- 
nate the weaker yellow and blue rays. I have actually succeeded in 
distinguishing colors through the sj)ectroseope in the inteU'-e light of 
the prc'viously mentioned PxciKlninomis Im ift rn iMolisch — green, blue, 
and violet, d'his is the tii’st established case wlu-re color'- have been 
seen through the spectrum in tlu' light of a plant. 

It is posvil)le to state, on account of the specti’o-'copic compo'ition 
of fungous light, that it may be made to act on photographic plates. 
In fact, tlu' research(‘s of ^•arious investigator; — as ^'on Hareii. N’or- 
man, Forstei-. Ilarnard. and (‘'p('cially lb l)uboi~ — ha\(' taught us 
that photogra])hs can be taken by liacterial light. If one u~(‘s in- 
tensely luminous bacteria, such as are at my disp<isal. it is pos^il)h“ 
to make ))hotographs of bacteria eoloidt's l»y tlnur own light by an 
e.xposure of live minutes, and if l)acteria lani])s are eni])loy('il. to inak(> 
goo<l pictuiH's of various o))jects. such as busts, thermometers, and 
])rinted matter. Iii the la.'t instance. howe\-er. to secure shai’p pic- 
tures. th(“ time of e.xposiire must hi' smau'al hours. ()ii the otlu'r 
hand, if inerc'ly ati impres'-ion upon the ])late is di'sireil. a single 
second of time is sidKcieiit to secaire a)i image of a luminous-streak 
culture*. .Ml ])ictures so far produced ha\(* bee'ii the* ri''Ult of light 
from colonies or mass cultures. Tbit it appears to iiu* not at all iin- 
prohahle. iu view of tlu* practically unbmiteil scusit i v(‘ue'> of pho- 
tograjihic plates, that heri'after it may lx* pos.,il)h‘ to j)hotograph a 
singh* bacterium c(“ll !iy mi'ans of its own light, iu the s;iiiu' way as 
we have* succeeded in re'iulering visible by means of tin* [ehotographic 
plate stars in the h(*avens which ai'e invisible to the naked eye*. 

dlie discovi'rv of Hi'iutgen-Hecipu're*! rays ami of the emanations 
proceeding from radioactive* e‘U*me*nts make* eippeirtime* the* theiught 
that rays of j)artie'ular epiality may abo e-xist in i)ae'te>rial light. Still 
the assertieui maele by Ib Dubois that bae-te'rial light has the* jieewer 
e)f jienetrating opaepie beidies. like weeeiel anel carelbeearel. is baseel 
upeui an illusion lireuight abeait threeiigh the eliree-t ae-tieen eef the* Aeeeeiel 
eer ))aper uiate’rial een the* salts of silver. On the same* basis. 1 am 
able tei ex])lain the* remarkable*, anel freem the* standpeiinl of physie's 
utte*rly puzzling. stateme*nts e>f the* Japanese* inve-stigateer. iMur:ie)ka. 
in regarel tei the light e)f the tire'fly. Fungems light — anel the same 
js true* eef the light eif the firetlv — ae-ts u])e)n the* salts of silve*!* like 
eirelinary elaylight, anel is ine-apabh* eef penetrating eipaepu* objee*ts. 

It seems to nie tei be met witheeut intere-st that bae-terial light abe) 
brings abeeiit physieileegie'al re'sults in plants. 1 b’lieitreipie- sensitive- 
ness i,... ace-eereling te) II'ie*sner, eef remai’kabie* inte*usitv. e*sp(>cially in 
the case* etf the* e‘tie)late*d se*eellings of e*e'rtain plant', .stue-h plants can 
elise-riuiinate* be*tte*r than the* human e'Ve* be*twe*e*n the* nieest minute* elif- 
fere*ne'es in light intensity anel may the*refeire with justice be ceen- 
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hiderocl as excellent physiol, >j>ical photometers. This extraordinary 
light sensitiveness induced me to test experimentally the heliotropic 
power of bacterial light. In fact this light can bring about positive 
heliotropism in various seedling-, such as the lentil, the pea. and the 
vetch; and in fungi, as PJijii iiiiit/i cs and Xjihiria Ilijpo.riilon. We 
have here a striking spectacle, that of one jdant intiiiencing another 
in its movements; the bacteria, by their production of radiant energy 
in the form of light, coni])e!ling tlie stem of a plant to extend its 
growth almost directly toward tlu> source of illumination. Bacterial 
light does not. however, -how it-elf capable of cansing the production 
of chlorophyl. probably becan-e the light is not sufficiently intense 
for this proces-. 

We come now to the que-tion whether so striking a phenomenon as 
this develo]nnent of light in plants gives indication of being of any 
practical benefit to them. Zoologi-t- seem to agree that light among 
the animals is of great importance. For when we consider the in- 
stantaneous and explosi\e generation of light, the sudden expulsion 
of a lununous secretion and the wonderful construction of a light-pro- 
ducing a[)paratus in animals inhabiting the darkest depths of the 
sea. we can have no doubt that -uch con-tructions are of service to 
the organisms, atid that a dc'finite u-e i- -(U'veil by this light-devel- 
opment in the case of many zoological form-. Thus these creatures 
may. by means of their light. eith(*r allure or frighten, or may illtimi- 
nate their surroundings in order to more easily and successfully cap- 
ture their prey. 

The (picstion in the case of [ilants i- far more difficult to answer. 
The idea has been advanced that the light cajiacity of the bacteria 
may be a means of their ili'tribution. d'he light of those bacteria 
occurring in dc'caying sea animals is >aid to attract certain animals 
along the seashore to feed upon the-e and -by -enttering the bacteria 
to aid in their dissemination. I agree with Beijerinck that, as sea 
currents, waves, and tln“ saiid along the shore bring about the dis- 
bemiiiation of the-e baettuia in the mo-t admirable manner, the before- 
mentioned opinion is untenable. 

There may be some doubt in (he case of luminous mushrooms; in 
fact, a well-known biologist. Von Kcrner. has exjtressed the opinion 
that tlu' light of the mushroom [)oints out the Avay for fungus gnats 
and fungus beetles, which lav their eggs in the mycelium and spore- 
bearing tissues of these IIymenonivcet(‘s ; so that the-e creatures are 
in this way of service to the fungus by transporting its spores. At 
first sight this ilu'ory -(.(.ins to have much in its support, but on 
closer examination we find then* i- not a little against it. Thtis. in 
the case of the mushroom Aqur'n us hullrns. it i- difficult to under- 
stand why the gills, which Itear the spores and are easily penetrated 
by insects, are not luminous, while the mycelcttm, growing under 
sii 1905 27 
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tree bark or in the wood, is liiininous. Tlie liiiiiiiious fuiiirus threads 
•iTowiiig in jjho^phore^eent wooil produce, as a rule, no fruit-hearing 
organs whatever. If the idea of this light of the niyceleuiu were to 
allure iii'-et't> or maggots, the result would be simply the destruction 
of the fungus, fm- ky attracting these animals it would not be dis- 
seminated. but fed upon, and thereby destroyed, so that its light 
would be its ruin. Or if the liglit of the i)lant were to serve the 
j)uri)ose of enticing animal forms at night, it is not easy to under- 
stand why the plant is not luminous merely at night instead of unin- 
terruptedly l)v day and by night — that is, at times when the light is 
wholly imperceptible to these animals. In the case of plants the 
question is a radically ditferent one from that in the case of ani- 
mals. ami under these circumstances it seems to me better to forego 
speculations and simply to rest on the fact that at the present time we 
are unable to give any jjlausible teleological e\|)lanation of liiminous- 
ity in the Fungi : perhaps, imh'cd ju'obably. because it is nothing more 
than an ine\itable consequence of the transforming of sulistances in 
the luminou" Fungi. 

If, in cc)nclusion. we glance at our problem from the standjjoint of 
dynamics, it is seen that, in company with \arious forms of energy 
in the plant, as heat, electricity, and chemical energy, ratliant imergy 
can also be produced in the form of light. A wondrous factor ! The 
green cell in its minute microscopic laboratory, the ehlorophyl 
grain, lays hold upon the energy emanating from tlu‘ sun and trans- 
forms the living foiv.-e of the light ray into chemical energy. Thereby 
is produced from the carbonic-acid gas of the atmosphere, with lib-' 
eration of (m-gen. organic matter — a storehouse of potential force. 
This organic matter enters as food into luminous animals and 
luminous plants, and there by transmutation j)roduces once more 
heat and light. 

Truly a cycle from light to light in the ])lant! In fact, the light 
of the li\ ing organism is governed by the energy of the sun. When 
the light of the glowworm, hidden in the grass, pours forth, direct- 
ing by its lantern the way for its amorous mate: when the Xurfilura 
or ]'( riiHiict!'. disturbed by the ship's keel or whipped by the waves, 
suddenly gleam forth: when the sea crabs on the floor of the ocean 
illuminate the darkness with their organs of light, or when luminous 
liacteria in decaying flesh or shining mushrooms in old forests flood 
their surroundings with magic twilight, this light of the organism is 
fundamentally nothing other than the radiating energy of the sun 
caught u]) by the jilant and transformed into light. It is the new- 
born sunlight of the plant. 
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DISTRIIU TIOX AXf> ^>I^RKI^ST<»^' Oi' TIIK bVKK UIRI). 

Tlu‘ Victoi'iii lyiv hiriU ;ire restricted to the densely tiiuhered, 
moist, hilly, and luouiitainoiis parts of eastern \'ietoria. for they must 
have ahimdanee of moisture, and food eonsistiui; of insects. i>-rubs. 
v.’orms. etc. 'Flu' iMtdhourne to .'Sydney railway may be taken as the 
apjtro.ximate w (‘stern limit of these birds. They have not lu'cn found 
to till' west of that line, nor even nearly up to it in many parts. The 
reason appaia'iitly is that no densely timbered and serubliy humid 
raiyuH's. with permanent creek's in tlnun. occur to the west of this line 
on the nortlu'i'n side (jf the main divide, for neitlu'r Eutter's Ran^e 
nor the .M(')koan Rani;*' near Bi'iialla ])ossess(‘s these eharaeteristies. 
The main divide itself, wlu're the railway eros-es it at Kilmore Junc- 
tion. at an altitude of 1.14.') feet, is rather low. and is not — apparently 
never was — densely serttl)bed. Airain. althoun'h emineiitlv suitable 
country for these birds is eom])riscd by tlu' Maeedon Ran"(‘s and 
those in the Blackwood district, lu'ar and on the main divide. aEo bv 
the Otway Rauo\'^. uo lyre birds are found there. In the ease of the 
last, the reason is undoubtedly its isolation. It is eom])let'‘lv cut off 
from the other hilly and mountainous districts of \"ietoria bv the 
oreat volcanic plains of the '\vest(‘rn district, which would form an 
etfeetual bari'ier to the dispi'rsion of the lyre bird southward. e\en if 
it wer(' pr(‘sent on the main divide to the north. The bird is so shy 
that, tmless abundant eovt'r be (piite close at hand, it will not. under 
ordinary eireunistama's. venture into the open forc'st eountrv. much 
less ei'oss wide tracts d(>void of arboreal vei;etation. It is not so obvi- 
ous why the lyi’e bird is not pr(‘seut in tin- thickly timoeivd and 
scrubby country of the i\Iae(*don Ranjites, but a})parentl\- this also is 
due to its eomparatiw' isolation. On the east it is sepiarated by a w ide, 
dissected volcanic plain, formin*;' a natural barrier. The only prac- 
ticable l)ridc-e of dispersion exists in tlu' main divide itself, which 
from Vandono- on the railway takes a jreneral northwesterlv course 

" Itejirinrcd liy iieniiisviim. with tlie aiitlicir’s (•(ii'rectioiis. fiMin 'I'hc Emu, yiel- 
iKUirne. N ictoi'ia. Vol. \'. ji.irt it. ( (ctolier. lUO.'i. 
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to Mount 'William, thonco soiithvosterly and southerly to Mount 
Macedon. AI)ont Mount AVilliaui itH-lf there was. in its original 
state, a small area which might have lieen suitable for lyre birds, but 
on the portion-' between fVandoiig and Mace<lon the want of sufficient 
moisture and scrub is perhaps the reason of their absence. The birds 
seem to have spread over southeastern Australia from New '^fuinea by 
following through Queensland and Xew South 4Vales the mountains 
that form the watershed between the Darling-Murrumbidgee basin 
and the Pacific Ocean: and this within comparatively recent time, 
considered from a geological point of view. 

It is a matter for wonder that in suitable country lyre birds have 
existed in such numbers as tlu-v have done. The native carnivorous 
fauna destructive to them comprise the dingo or wild dog {Canid 
(Jiiu/o). th(' "tiger cat” (Dnsijm ns marnlatns) . and the "native cat” 
{I>. rii'(‘i rlnns) . These animals, especially the first two — which are 
much less numerous tliaii the "native cats" — fVcHjuent lyi'e-bird coun- 
try. I’hese birds build their nests in sjiots usually accessible to 
dingoes, and easilv so to the climbing "cats." Thev have almost in- 
variably only one wiung one a year, and yet in most of (lippsland 
and the northeastern district lyre birds exist in much greater numhin's 
than many of the other larger birds which nest in much less dangerous 
situations, such as the gray magpie, king lory, wonga-wonga, and 
bronze-winged pigeons, laughing jackass, and black cockatoo. The 
lyre bird is a day bird and roosts in trees at night, so except at nesting 
time it is practically safe from attack. It is a strong, active bird, and 
could, even if attacked by a "cat" in a tree, either free itself or drag 
th(> " cat " to the ground in its first struggle. Put it is com 2 )aratively 
h<‘lpless when in the nest, and c(‘rtainly tin* young are coniplet(‘ly so. 
One fact, however, aids in its protection. 'I'lie nest is usually not 
easily seen, especially if the female bird is inside with her tail raised 
over her head, as is her wont, thus nearly filling up the entrance and 
breaking the noticeable black cavity of the (mipty nest. 

Near the source of the King Ifii'er I have seen tin* birds going to 
roost in tall green trees. They can not fly upward like an ordinary 
bird, but rather partially jump upward in a slanting direction with 
their outspread ivings aiding them by soaring, not flajiping. To get 
into these tall young trees, ranging up to nearly 100 feet in height, 
they went u]) by stages, taking advantage of short and long tree ferns 
ami the branches of .smaller trees. 




Home of the Lyre-Bird, on the Far Upper Yarra. 
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DESTINA' OF THE LYRE BIRD. 

But the (lays of the lyre bird are iimnbered uiile>s it develops the 
habit of nesting in trees or spot> inac’cessible ■' to its far more dan- 
gerous enemy, an introduced one, the Kuropean fox. Scatt(‘red 
feathers and occasional feet are fre(piently met with in some parts of 
the country and attest the depredations of the fox. which has now 
spread over nearly the, whole, if not the whole, of the State, and has 
moreover, developed the faculty of ascending slightly leaning trees. 

As regards South (lippsland the lyre bird is doomed to exthiction, 
and that l)y the agency of man. The mass of hilly country between 
the valleys of the Latrobe on the north; the Tarago. Lang Lang, and 
the Bass on the west: the l‘owlett and Tarwin and the narrow strip 
between Foster and Merriman Civek on the south and southeast, was 
a large tract, covered witli an extremely den>e wgiTation and in a 
continuously moist or wet state l)efore settlem(uit took jihna'. It was 
(inited to the main mass of tlie mountain system of eastern \'ietoria 
by a narrow el(‘vat(‘(l tract of volcanic and similarly tiinberc'd country 
between B’arragul and Lougwarry. In every gully and on every 
spur the lovely notes of tlie lyre bird could be heard, and evidence 
of its occupation could b(‘ 'cen on (“very hand. Thou-and' of these 
birds must hav(“ sported about this country, making the otherwise 
rather silent forest a huge natui'al concert hall. Xow. alas, the 
march of .settlement, with its breechloaders, fon'st spoliation, and 
bu.sh tires, has brought about a sad change from a naturalist's ])oint 
of view. With the disappearance of the sorul) goes the lyre bird, 
and as the country gets cleared from various sides, so jiatchcs only of 
scrubby country are left. 'I'lu'se Im'couu' tin' t(“mporai'y home of such 
of the outcasts as have escaped the gun. tlie ch'aring. and the fire, till 
they, in their turn, become felh'd and Inirnt. when the lyr(“ birds dis- 
ajipear. 

NEST, EU(j. .VM) vorxu. 

During my geological survey of the ^detoriiui coal-fields area iu 
South (fippsland in the year inOO I was camped on the Foster River 
near Jumbunna. on the edge of a belt of natural for(‘st of an ex- 
tremely dense character. This send) was the home of scores of Ivre 
birds, whose lovely notes could be heard all through the day. 

Several nests of thes(“ birds w(“re found, and as manv observations 
made concerning the birds and their habits as time and oijportunity 
permitted. One nest was situated in the side of one of the short, 
deep channels (“blind creeks") that drained the swampy portion of 
the river flid. As is customary in South Oii)psland. the timber had 

'(Reference to I’late 11 will sliow that lyre birds occasionally build iu trees. — 
Edx. 
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]K>en taken " in the face " — i. e.. all the mmmiI) and trees np to. say. 4 
feet (i inelies in diameter had been felled, but a^ they had not then been 
burnt they lay in hopeh'S'^ eoiifusion. fonidue' a laneied nias-. of logs, 
branehe-'. and scrub, thi'ougli vliieli young scrub was growing. It 
was. thend'ore. an awkward place for stock, or even human bidiigs. 
to get into — a fact that some of the birds hail a[)parently recognized 
liy building their nests in it. Across the river lay the natural forest 
fornung the feeding and sporting ground of the birds, and contain- 
ing some nests also. I found the nest in question one morning by 
noticing the female bird fly. or rather float. Jioiselessly away from the 
place on my approach. This is a i-ommon ])raetiee with the lyre bird. 
A young bird. unfeatheriHl save for tufts of down on its crown and 
uppei' back and a few young feathers just breaking forth on the 
crown, was in the nest. It screeched so vigorously on being disturbeil 
that till' female bird (|uickly ap|)ear(‘d. making mi'anwhile a semi- 
clucking noise, somewhat similar to that of a domestic hen calling 
her chicks, fl’henever the little om- gave its whi-tling screech the 
mother made this noise and also gave vent to her own quaintly me- 
lodious notes, 'ounding like " Koo-wuk'. koo-wukk ]too-wow'.‘‘ with 
a growl-like roll on the iron-, and " Qua-aek'. ([iia-ack'." some like 
the guttural of the common opossum. On calming down after the 
young birds stopped scn'cehing she imitated various birds." princi- 
pally tlu' tits, st'rub w nuis (S(ru-onii>~) . eoachwhip lin’d [ PsajilKKlcx 
t /r///tiiihs) . king lory ( .l/n’o.s//id fe.s / ii<itii>jti/</!iix) . magpie 
iiorli/iiii h'l/ri/iifjtii ) . gray magpie ( N//’cy«ro i-hik InnnJuti/), laughing 
jaekass (liucclo (jH/dx). black cockatoo i, ( 'id >/ jiforhi/inJnix fii/iirinx), 
butcher bird tix dtxt ructur) . sparrow hawk {Acilpifir cir- 

, hocf jihid nx) . etc. — lU’incipally the lirst tlirei'. She then walked lei- 
surely down the slo|iing log. stopping every now and then to scratch 
it — sinqily through force of habit, for it was quite dr\' and sound — 
and then jumped onto the gi-oiind and resumed her scratching. All 
this time she was giving a relined I’enderiug of the liijuid notes of the 
common magpie. 

The place was a very unsuitable one for the camera, and. being 
alone, there was dilliculty in getting the photograph of the adult bird 
(see plate jii). She was very I’estless. and as a time icxposure was 
necessary. I was compelled to focus the camera on a certain part of 
the log where slie stayed foi’ a second or two while walking down it. 
Then, as I could get no stick long enough to touch the voung one 
from my post at the camera. I collected ])ieces of mud and earth, and 
threw bits of these into the nest. WheneviU’ one hit the little bird a 
screech followed, and the inothei’ was on the log like a thish. but keenly 
aliM’t and rcauly to float into the scrub at the least sign of danger. 

" 'fills IS a vt*ry imi>nrtant iiott*. llithtTlt* it was lK‘ru‘VtMl that <inl\ Ila* ina!(‘ 
lyn* liinl iiiiinh-kfMl. — /h/x. 
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Oil ont‘ occiisioii Septcmtipr 1!>00. when >eltino- up the camera 
op])osite the not. I hearcl a ^lio;ht mhiikI. and. lookiiiy ip). found tlie 
bird on the log- within d feet of my head. I had not touched tli(> 
youn<t one. >o it had not screeched, and the mother had. therefonu 
not lietrayed herself sooner. All the while I was settina' u]i the 
camera she moved about the Joa within a few fi'et of me. occasionally 
puttiii"' her expanded tail over her head anti ipiiidly warblin<f — an 
alert, observant, fearless spectator. Now and then tlie yoiinp- bird 
aave its whistlina screech, when tht' old one evinced gnait distress and 
moved to a position that gave her a view of tht> iieA. though she 
never went near it all the time. Whenever I stoojied or sat down on 
the ground she got suspicious and hopjied round till si'cing mt\ then 
walked up iiuite close to st'e what was being done. Of my whistling 
she took very little notice, of talking none at all, but started at once 
at a grutf noise like coughing. 

One of her most graceful movements was walking along the 
swaying frond of a tri'c fern. As the frond bent under her w(dght 
she gradually reversed her position till she was hanging Inaid down- 
ward. siispeiuled by her claws, and quietly warbling the while. 
This bird was the most sensible of any of the kind that I have 
seen. She seemed to realize at once that T had no intention of 
hurting the young one. and though evincing every sign of great 
distress while her otfspring was screeching, became (piite reassured 
of its safety when the screeches ceased. 

The l)ird freciuently walked down the log while I was standing 
at the nest with my head within d feet of her. Once I touched 
her feet with my hand, and 1 thiidc with a little time and patience 
T could have caught her. Sev(>ral times I made a grab at her leg, 
but she only juni|)ed and floated away to another log. without 
evincing any signs of fear. Again, to test her timidity. 1 shouted, 
waved my arms, and threw little sticks at her without frightening 
her from her iiosition. and even when one stick hit her on the head 
she sinqjly floated to another log and rt'stimed her observations. 

The entrance to the nest can be seen just on the right of the 
log under the tail of the bird and just to the left of the extremity of 
the blackbutt spray with large leaves. 

The picture of the young bird (plate iv) shows it resting in 
my hat. surrounded with sprigs of tree fern (Alxnpjiild . 

dogwood ( uceh-uh/ ). blackbutt m uhj pf u.s . musk 

(.LsZiv in<i<) plijill nx) . and laurel (Piftiisporniii niiihiliifiiiii) ■ ft was 
V(‘ry frightened when first talnm out of the nt'-t. but soon rested 
(juite contenteelly in the hat while being photograiphcd. 

When in the nest it commenced to s,-|-occh imnu'diately anything 
appeared in the eidrance. and thrust itself back as far as it could, 
meanwhile keei)ing almost on its back, with its powerful feet pushed 
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out in front, and screeching. As it grew older it sometimes pecked 
at my hand when thrust into the nest and always screeched. This, 
however, was never long sustained, except on movement of the 
hand, and it remained (piite still if the hand were still. 

I watched it carefully till it was nearly fledged, but one day I heard 
the distress signal several times in rapid succession. t)n reaching 
the place I found the poor creature dead in the nest. It had suffered 
no apparent injury, there were no signs of damage to the nest or 
of any struggle, and the only conclusion I could come to was that 
it had been bitten by a tiger snake (IlopInccpJiuJiift rin-fus). The 
nest was in the side of the gully, about .I feet from the bottom, and 
easily accessible to animals and re})tiles. The snake had. I think, 
put its head into the nest, lavn pecked by the bird, and after at once 
biting it had withdrawn and disappeared. 1 made careful search to 
confirm this view, but could not. as the place afl'orded no chance of 
seeing a snake track of any kind. Had a fox killed it. the bird would 
undoubtedly have been dragged out of the nest. The snake, as 
every bushman knows, is of a very enterprising nature and par- 
ticularly partial to exploring nests of bird-., whether on the ground 
or in trees and scrub. I have nearly tramped on one oaiwling along 
a scrub-suspended fallen tree, at a height of 10 fec't from the ground, 
the snake being there probably with the diia’l vicov of getting direct 
sunlight and young birds, and I for less laborious and ([uicker prog- 
ress than was practicable in the tangled vegetation on the ground. 

In the case of another nest near I found there was no sign of any 
old bird until the young one screeched on being touched. Then, like 
a flash, the female bird was on the spot, uttering notes somewhat sim- 
ilar to those of a " clucking hen." On seeing me she flew first into a 
tree fern, watching intently meanwhile, then onto the ground and 
scratched away, gradually working up almost to within kicking dis- 
tance. All this time she <piietly imitated three or four notes of the 
magpie and those of a few other birds. IVlien any movement was 
made she jumped or ran away a few yards and resumed her (piest for 
grubs. When the young one screeched rapidly several times in suc- 
cession the mother, after giving her answering call. '• koo-widc'. koo- 
wuk'," made a noise like a woman in hysteria. She calmed down 
when the young one stojijx'd its noise, and with a grating, purring 
noise floated down to the ground and resumed scratching. 

The young one when found on August 11. 1000. was probably about 
two days old. It had down on the crown and u|)per back, the rest of 
it being bare, showing the whole of the skin to be of a bluish-drab 
color. The abdomen was an abnormal size and the vent large, char- 
acteristics of all the young found. (In .September 11. on my ap- 
proaching the nest, the young one jumped out. but was caught, when 
it screeched and struggled violently, using its feet vigorously. It 
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vas most unwilling to enter the nest ami acted like the other one 
A\heii placed therein. On September IB I again visited the nest with 
a view to photographing it. l)ut. as feared, found it empty. 

Another young one nearly full grown sat up silently in the nest 
when found, but when touched it struggled and screeched, using its 
claws freely. In this case the female bird came rushing up at once, 
but on seeing me darted back into the scrub and ran round the nest, 
making meanwhile her " koo-wuk'. koo-wuk'." and in addition the 
■‘clnngk. clnngk," or " bnln, buln." that lyre birds make when undis- 
turbed in the scrub. This nest was within half a mile of Jnmbunna 
township, in an easily penetrable patch of scrub, which probably ac- 
counted for the timidity of the parent bird. 

For the descriptions of nest. egg. etc., reference should be made to 
IMr. A. J. Camjjbell's and Mr. Kobert Hall's descriptions in their 
publications." Xevertheless. T shall give a few further personal ob- 
servations. Xests have been found in various places. The one most 
favored by the bird in South Gippsland is the side of a deep channel 
cr creek under a slightly overhanging bank, with ferns and leaves 
about ('-ee plate v). Another favorite one is among the roots of 
a large fallen tree several feet from the ground with vegetation grow- 
ing out of the contained earth. In the Baw BaAv and Walhalla dis- 
tricts iMr. J. Easton tells me that a large proportion of the nests 
occurs in tall stunii)s of trees. All the nests are idaced'so that the 
bird can have a clear space through which to fly or float out of sight 
on the approach of danger. 

It has been stated that once a lyre bird's egg has been touched by 
human hands the liird de^'Orts the nest. ITowinei-triie this may be in 
individual cases, it by no means is general. On August :!•). IhOO. I 
found a nest in South Oippsland and handled the egg. Between 
this date and September 13 I handled the egg on six different occa- 
sions. On the last visit the egg was (juite cold, and the nest appeared 
to have been deserted, but on again visiting it on the l.'ith a young 
one, apparently just hatched, was in it. The young l)ird was par- 
tially covered with down, as in the cases of those already mentioned. 
On September :13. 1900. the feathers were just showing through the 
skin on the top of the wings and the upper l)ack. Further obser- 
vations on this I had no opj)ort unity to make, on account of leaving 
the locality. During this smwey several abandoned nests, each with 
one egg. were found. In these cases I do not think that the nests 
had been voluntarily aliandoned. but that the birds had been killed. 

All the young liirds mentioned in this article wer(> sent to the 
Xational Museum, ilelbourm*. where they can be seen in the scenic 
case of the Ivt'c birds. 

11 .1. ('an]]iliell. Nests anil Eaus of Australi.-ui Birds, iiji. .■’ilO-.Vd:'. ; lUdiert 

Hall, Tile Insectivorous Birds of Victoria, tip. 171-lTU. 
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UAXCIX<! (ilSOl XUS. 

Thesp (lancing: grounds are open spaces, generally about 3 feet 
in diameter, situated preferably in a rather clear place in a patch of 
dense scrub. Tn some cases they are raised several inches above the 
gener:d level of the surrounding ground, while in others there is little 
or no difference in level. The surface, which is flat, appears to have 
been scratched up by the birds, and the sticks, roots, and pieces of 
grass or creepers thrown to one side. Xumerous examples have- 
been noted in vai-ious jxirts of eastern Victoria, but in no case have I 
seen any evidence of a beating down of the surface. They all had 
a more or less freshly scratched appearance. On only one occasion 
have I been fortunate enough to see the birds dancing. 'I'his was on 
the top of Mount Wild Boar, about S o'clock on a foggy morning 
(March 1!). 18!)()). ^Vhen tvalking rpiietlv alone along a track T sud- 
denly heard and immediately saw two male l)irds performing on oiu' 
of these grounds. They were alternately advancing and receding, turn- 
ing, bowing, whirling, hopping, and running about round the ground. 
While doing this they raised and lowered their tails rejieatedly. 
Sometimes they put their heads through their raised tails, and, turn- 
ing them, seemed to lie admiring the lyre designs thereon. At the 
same time they were, in rather subdued tones, whistling beautifully 
and mimicking all the forest liirds. One female bird walked quietly 
round the dance, making a few short, hen-like notes, and pre- 
tended to pick up a grub here and there and to be unconcerned about 
the dance. She, however, cast occasional glances at the male birds, 
and was doubtless making her choice of a mate. I was in a hurry to 
search for a missing horse, and could not watch them for more than 
a few minutes, so (juietly went past and left them undistiirbeel. 

WIMICKY. 

The lyre bird is an extraordinarily good mimic. Xo sound is too 
diflieult for it to reproduce, and the imitation, in the case of all sweetly 
musical notes, is an exact reproduction of the originals, while of those 
of a harsli nature it is a highly refined imitation. Its rendering of 
the rich liquid notes of the gi-ay magpie ( NY/r/zc/v/ n/iie/cai/t/ufi/) . the 
butcher bird {( rlcKfi'iirtor) . the gray thrush {( 'i>Jh/fi()ri)tc7it 
/ui)//ioivV(i) . und the magpie (Gyni iiorhhtdleiironotd -md (T.tihJi-en) is 
superb ; similarly with the chirp and twitter of the small scnaib wrens 
and tits. Tn the case of the laughing jackass (Ddct-lo (j(f/d-':) the 
harsh, grating, laughter-like effort of this quaint bird is ivndered in a 
manner so refined as to afford a pleasing contrast with the original. 
The swish of the coach-di’i ver's whip, the sound of the saw and ax. 
which T have heard on the Blacks Spur and near Marvsvillt*. are per- 
fect deceptions, and the rajiidity with which the notes of various 
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birdh are rendered, the glidiii<r of one bird's notes into those of an- 
other. and the rendering of two or more simultaneously are nothing 
short of marvelous. The male bird is mueh the better and more 
powerful whistler, but the female is practieally as good a mimic. I 
have no doubt that the lyre bird is a mocking bird. for. even supposing 
it to owe to heredity its faeidty for hnitating the birds of the forest, 
as has been suggested, it can have ac<piired the art of imitating 
sounds of human origin only since the settlement of the country in 
which it is found. 

LYRE BIRDS IN (’APITIVITY. 

It is generally supposed that these birds can not be reared and kept 
in captivity. Several attempts have. 1 believe, been made in the 
Zoological (iardeus. ^Melbourne, but the birds have always died in a 
short time. There are several instances known, however, in which 
such attempts have been successful. The most notable one is that of 
a resident of the Woods Point district (Upper (roulburii). who. so 
Mr. (). A. L. Whitelaw tells me. reared several of these biiaU. which 
fed with the fowls and were ipiite tame. The owner decided u]ion 
jiroceeding to America to exhibit the birds as one of the curiosities of 
Australia, but before matters had been arranged all of them were 
poisoned, it was supposed, by some malicious person." 

Other instances have heen cited of a lyre bird having been reared 
and ke])t for lengthened or brief jieriods of time'' in the Drouin. 

“Writing amler "Nature notes" in The Arsiis of .Tuly 2S. lUor), ilr. DonaUl 
MacdoiiaW iuculeutally substantiates this fact. A con'es[iouileut. Hr. J. C. 
Hahan, of Woods I’oiiit. in givins; some i)artienlars aliout savini; and keejiin}; 
lyre l)irds in captivity, sta.tes : " When 1 found a nest I left the cliickeii for tliirty 
days after it was liatched : then siiaretl the old bird, and carried them witli the 
nest to a larae wire-netted aviary. The <-hicken was thus fed naturall.v by tlie 
niotlier. On one occasion I iiad a chicken in tlie nest for fort.v-two days. A 
Itird tliat had l)eeu in lu.v aviary for tliree or four years developed tmly three of 
the ‘ fronded feathers.' Tn ni.v opinion the male bird iloes not reacli its full 
plumafie for eifiht years. I have never found more than 24 <if the brown bars on 
a mature bird. It was a tedious and ditticult task to accustom my birds to 
artificial food, and I lost thirteen before succeediuft. Tlie jiroof that I aot the 
liflht s.vstein in the end was shown in the fact that after ni.v birds had been 
maliciously poisoned they were oiiened and found to be lined with healthy fat. 
as the sa.vint; is. The late Hr. A. Le Soui-f offered me £40 for the collection, 
and later .Jamrach's aijent offered £11.5 a pair for threi' domesticated pairs, 
to be delivei'eil in I.ondon. I was goins to acceid this offer, when all m.v birds 
were poisoned; then I lost heart and fiave it up. If the natiouai jiark is ever 
established some l.vre birds should he turned down there. With the ri;rht con- 
ditions the.v would breed in captivity. The experience of m.v own aviar.v 
satisfied me as to that." — IJils. 

''Mr. F. P. Codfre.v in The Emu ( Vol V.. p. mentions Hr. S. HcNeill.v. of 
Drouin. bavin;: had a male l.vre bird in a state of domestication for twenty 
\('ars. A photograph of this [lartii-ular bird is herewith aiven. (See Plate 
VI.)— -7-.'d.v. 
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Loch, and Omeo districts. Personally, I think it would be im- 
practicable to keeji a bird in ca|)tivity even after rearing it unless it 
had access to some scrub affording shelter and a supjily of insects. 

UENEltAI, XOTE.S. 

Though lyre birds are chiefly found in the dense scrubby forest, 
they at times can Ije ^een in fairly open country, but in such cases 
there is dense scruli at liand, and they disappear into this on the 
first approach of danger. In South Gippsland, where I have seen 
and heard hundreds of these birds, I never once saw them singing 
in cleared land, or even in open forest, iloreover, in no instance 
have I seen them feeding or running about on ojien ground. On 
one occasion I noticed about eight of tliem cross a narrow strip 
of cleared ground, about .I chains wide, from one patch of scrub 
to another. They did this just before dusk by running (|uickly, 
jumping over logs, and floating. <me after tht' otlier. During the 
great bush tires in South (iippsland in 1S98 luindreds of lyre birds 
were burnt or starved, and I have been told lyv settlers that in the 
Jeetho district some of these birds came out of tin' l.)urnt sc-riib and 
fed among the fowls near the farmhouses. This was doubtless owing 
to the destruction of insect life. It would indicate that they coidd 
in necessity become graminivorous birds. Mr. J. AV. Bainbridge 
informs me that two lyre l)irds have become so tame near Mrs. 
Manfield's Temperance Hotel, at the foot of Mount Buffalo, that 
Mr. iManffeld has photographed one of the pair jjerched (ui the fence 
near the place. 

Lyre birds may bo seen at altitudes from 100 foot above sea level 
in the dense gullies of South Gippsland to those of close on O.OOO 
feet, or as high as arboreal vegetation ascends, in the Australian 
Alps. In Xovember. 1800. when returning to Harriet ville from 
Mount Feathertop (0.-303 feet), in the Australian Alps. I saw be- 
tween twenty and thirty male and female lyre birds on the stunted 
snow gums (E. pn unci flora) on the high ridge running from Feather- 
top and separating the Ovens River from .Snowy Creek. They were 
at an altitude of about 5.700 feet and near the timber line. It was 
nearh' sunset when I was sur|)rised to hear a medley of melodious 
sounds, as if all the birds of the bush were singing their best and 
loudest. Being alone and on foot. I was in their midst before they 
noticed me. but to my surprise tliey not only remained jumping about 
the trees, or with heads inclined watched me from the branches, but 
many of them continued their unsurpassable mimicry of other forest 
birds. I regretted that approaching darkness did not allow me to 
stay and watch them longer. At altitudes of from 5,000 feet to the 
timber line I have seen thesi* birds, or evidence of them, on the high 
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Gibbo Eansre. Blount AVild Boar. Mount Bogong. Mount Stirling, in 
Benanibra. Victoria, and on the high timbered spurs of Mount 
Kosiciusko. Xow South Wales." Once, ivhen camped, on March ;10. 
1896. on the suiiiniit of INIount Wild Boar, at an altitude of over 
5.000 feet. I was awakened shortly after sunrise by beautiful and 
spirited whistling outside the tent entrance. On jumping up I found 
a male biid peering into the tent fi'om a branch only a few feet away. 
After putting the camera together as hastdy as circumstances per- 
mitted I had the mortification of seeing the bird glide away into the 
thick scrub just as I was aliout to take the photograph. ^Ir. Bain- 
bridge informs me that he has heard during the winter a lyre bird 
whistling on Mount Butl'alo at an altitude of 3.500 feet and (juite 
close to snow. 

Lyre birds are very inquisitive when found in districts or places 
where they have not been molested by man. On jtassing through 
such country one is sometimes escorted for some distance by these 
birds, which pass from tree to ti’ee along tb.e line of march. T have been 
informed by INIessis. Vb Baragwanath. jr.. and J. Easton, that once 
when they were surveying a line on the hanks of Mount Baw Ihiw a 
female bird came close up to the chain, watched it intently, and fol- 
lowed it as it was diaigged along. Kverv time they made a noise the 
bird gave the well-known alarm ivliistle and dartetl into the scrub, 
to return almost immediately and repeat these taifics for some time. 
On another occasion, in a (avek near iMount Useful, a male bird 
viewed them from blackwood trees («0 to 70 feet high and disappeared 
only after several sticks had been thrown at him. On other occa- 
sions they have brought these birds close up to tbeinselves by whistling 
the birds' own notes, in the same way tb.at the king lory can bo 
decoyed. 

Unlike some of the native birds which give their songs at certain 
times through the day. lyre birds may be heard in their haunts 
any time from dawn till dusk, regardless of the nature of the 
weather. On a misty day. when steady, light rain is falling, they 
may. perhajis. be said to be heard to the greatc'-t advantage. 

Lyre birds are iiivetei’at!* scratebers and are almost unceasingly 
at such work, somewhere or other in tlu- budi. They must do a 
great deal of good by destroying myriads of insects destructive 
to vegetation. Unwittingly they also do a certain amount of harm, 
by partiallv obliterating tracks, filling nj) side cuttings and siu'vev 
trenches, and uprooting or burying survey pegs, isome years ago 

" Hitherto Mciiiiiii rii-toiid has l)eeii m-ortled for Vietori.a liut it is natu- 

ral to suiipose that the same species is fouial in tile ran.aes extenUinc over the 
liunler of New Soutli Wales. It is |irohahle tliat .1/. •oiinrhn is not fouiul soutti 
of tile Blue Mountains, If it exist farther south, it wamicl be iiiterestiut; to find 
where the two species iuosculute. if not iutergrade. — Eil-i. 
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NOTES ON THE YICTOKIA LYRE BIRD. 


I renicinher a recently made track over tlie Boffonc Pass, 

ill 4'ictoria. wliich had lieen rendered inijiracticable for horse traffic 
thouiiii being filled up in some places with masses of rock, logs of 
wood, and other debris. These had rolled down the steej) sides of the 
mountain on account of their sn])])oi'ts of humus and soil having 
been scratched away by these birds. Again, it i' often impossible 
to exactly locate a survey trench or peg in lyre bird ("pheasant,'’ 
as it is called liy sidectoi'si country, sometimes even shortly after 
they have been placed there. This causes some difficulty when the 
blaze (ax-cut mark) on the tree has been destroyed by bush lires. 
This habit of scratching among decayed vegetation and soil may 
account for tlie abundance of lii'c which Mr. IV. Bragwanath, jr.. 
infoiins me. are to be found on mo--t of these birds in the Baw Baw 
district of { iijipsland. 

I have spoken of the flight of lyre birds as a floating. As far 
as I have noticed they do not ris(> njiward in the air like a soaring 
bird, and can not make a proper uiiward ilight. But in going to 
a lower place they sinqily jump oil a log or rock into the air with 
their wings out-pread. and float or glidi* through it down a slope 
into a gully, -onietime' taking advantage, every lu-re and there, 
of ii log or rock from wldch to get an additional spring. In a few 
seconds they can dcsciuid seieral hundreds of feet with veiy little 
aiipaivnt motion of tiu' wing'. It is an intiu'csting sight to see the 
dark brown form of a departing lyre l)ird as it hops on a fallen 
tree, float' under a tree ferii. or jumps ofl' into space — silent, save 
for it' lir't shrill whistle id’ alarm. Whde lyre birds are fond of 
tree-fern gullies and dogwood ((.'usstn/d ii< nhutd ami ('. loii<ilfolid) . 
•• natii’e hop " {J>di'i<xdi Idfifnldt) . and "wild hop” \(h>o(]ciud 
crdfd) slopes and ridges, they ai'e very partial to the jjatches of 
"blanket w ood " (Stnuio hcdfurdi). Fliis plant grows into small 
trees with lateral branchi's. and large', thick leaves, arranged more 
or Ic" horizontally, tlui' forming a canopy. The ground beneath 
is usually not covered with ferns and small jilants. but with decayed 
leaves and twig', while the branches form convenient perches for 
the lyi'c' bird'. Theiv are thus open spaces between the foliage 
and the ground, and the bii'ds are fond of moving about in them, 
hence the scrub is calh'd locally " pheasant scrub." 

iMy thanks an' temh'red to Messrs. A. J. (’amjibell. I). Tw* .'^ouef. and 
1’’. P. (iodfrey for six of the photographs which illustrate thi' 
article. 



THE IXFLrEXC'K OF PHYSICAL COXDITIOXS IX THE 
(H^:XESIS OF SPECIES.-^ 


By .Toei. a. Veefx. 


Ainonjv biologi>ts who iiccept the nioth'rn tlieorv of evolution 
th(‘ only r(‘a-on;i!)le hypothoM^ available for the cxjilanation of the 
diversity of strnctnre among organized beings, there i> a wide ditl'er- 
eiiee of opinion a^ to what are the leading causes of dili'erentiation. 
The doifrine of natural selection, or the survival of tin' httcst. has 
recently been brought prominently forwai’d as the k('y to this complex 
probh'in. and is upheld by a large class of enthnsiar-tic adherents, 
who acce|)t it as the full solution of the whole (]uestion. By others 
the conditions of environment are believed to be far more intlnential 
in etfocting a c('rtain class of moditications. at least, than the neces- 
sarily ])recarious intluence of natural selection, which must take its 
origin in isolated instances of variation in fa\orable directions, and 
dcpi'inl for its continuance upon these fortuitous advantages being 
inherited by the descendants of the favoreil individuals in which they 
originate. The modifying influence of conditions resulting from 
geographic i)r climatic causes was long since noticeil. and for nearly a 
century has been considered by many writers as explanatory of much 
of the diversity existing not only in the human race but among ani- 
mals. It has. however, remained until recently vaguely grounded, 
bt'ing based moi'e in conjecture than on observed facts. Scarcely, 
indeed, have two ilecades passed since the rt'al nature and extent of 
g('ogra])hical variation among animals, and even as yet among only a 
few species, began to receive can'ful attention, while only within the 
last fifteen years has any attempt Ix'en made to correlate the ob- 
served ditl'erences with the climatic or geographical conditions of 
habitat. Only within reci'iit years have the ditl'erences in general 
size, and in the relative size of ditferent ])arts. been ascertained by 
careful nieasurena'iit. and the diiferenci's in the character of the tegii- 
inentarv covi'i'ing (as the pelage in mammals) and in color, in indi- 

■' I!epriiit('(l. with note .mil bracketed additi-iiis by the author, from the Itadi- 
cal Keview, I. 1ST7. iip. loS-l-to, 
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vidiials of tlie same specie^ inhabiting distant portions of a common 
habitat. Ijeen duly recorded. In the Avork of regi^^tering these instruc- 
tiAe data, it has falltm to Americans to take a leading part, large 
credit in the matter being due not only to the actiAdty of our profes- 
sional hiologi>ts. hut to the lihei-ality of the (ireneral (lOA'ernment in 
attaching conijK'teiit natural history obserAers and collectors to the 
numeroiD surA’eying parties it has sent out during the last tA\’enty 
years to explore the till then practically unknoAvn geograiihy and 
productions of our AAeAern Territories. 

The conibined fruits of their labors, together AA’ith those of the 
agents and correspondents of the Smithsonian Institution, haA’e re- 
sulted in the accumulation of an amount of material far exceeding 
that elseAvhere accessible to single ini’estigators. rejjresenting, as it 
does, at least tAA’o of the A’ertebrate classes of animals from the AA'hole 
Xorth American continent so fully that generalizations may be made 
from their study AAdiich could not otherAA i>e IniA-e been reached for 
many years and for Avhich no similar facilities for any other equal 
area as yet exist. The recent investigations of American mam- 
malogists and ornithologists haA’o been in consequence largely di- 
rected to the subject of geographical variation, and thdr publications 
teem Avith tabulated measurements and records of variations in form 
and color that accompany diiferences in the climatic or geographical 
conditions of habitat. Among the results that have followed are the 
discovery of numerous interesting geographical varieties or subspecies, 
and the demonstration of the complete intergradation of many forms, 
often (piite Avidely diverse in color, size, and ]U'opoiTion of iiarts, for- 
merh’ regarded (and 2>roperly so as then knoAvn) as unquestionably 
distinct siiecies, Avhich discoveries haA'e of course necessitated a large 
reduction in the number of i-ecognized siiecific ” or nonintergrading 
forms. But most inqiortant of all has been the correlation of local 
variations Avith the conditions of enA'ironment. and the deduction 
therefrom of certain hiAVS of geographical variation. Upon these 
haAc been based hyjmtheses that go far toAvard explaining many of 
the iihenomena of intergradation and differentiation obscu-A-ed among 
existing animals. In the lAresent }>aper Avill be given not oidy a 
summary of the results thus far attained. l)ut enough of the details 
of the subject to shoAV the nature of the evidence on Avhich rest the 
conclusions already reached. These results, it is clainn'd, sIioaa’ that 
other influences than natural selection oj)erate jw^Tcfully in the 
differentiation of sjiecific forms, and that geographical causes share 
more largely in the Avork than naturalists haAA' heretofore been ^ire- 
jiared to admit — at least to consider as proA’en. 

As is Avell knoAvn. animals A'ary greatly in resjieet to the extent of 
the areas they inhabit. While a feA\' species are mairly or (|uite cos- 
mopolitan. many others are restricted to single small islands or to 
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limited portioii> of u continent. Xot a few ranee over the greater 
part of whole hemisphere, wliile by far the larger iiumher are con- 
fined within comparatively narrow liiiuts. Of the numerous sjtecies 
of mammals and bird-, inhabiting North America, none are equally 
common throughout the whole e.xtent of the continent. The habitats 
of a few only extend from the Barren Grounds of the Arctic regions 
to Mexico, and from the .Vtlantic coa.-t westward to the Pacific; one 
or two only among the niammaP rang(' over the Avhole continent from 
Alaska to Central America, while some occu]>y merely the extreme 
boreal parts of the continent. The latter, in many cases, range also 
over the Arctic and sub-Arctic regions of the Old World. Others 
extend from Arctic America southward to the Fnited States. Still 
others occupy oidy the ndddle or more temperate latitudi's. Ixfing un- 
represented in the extreme north or the e.xtrenie south. Others, 
again, first apiiear in tin* middle or more southerly parts, and range 
thence sotithward far into the d’ropics. A large number are restricted 
to the region east of the Kocky Mountains; others are confined to a 
narrow belt along the I’acilic coast: and others still to limited areas 
of the great Rocky ^Mountain Plateau. In general, their distribution 
accords with climatal region' or zones, their respective ranges being 
limited in jjart l>y latitude and in part by gt'ogra])hical barriers, as 
treeless, arid plains, or high mountain ranges. The northern and 
southern Itoiindaries of the habitat of a species are found to agree, not 
generally with the arbitrary itaralleN of the geographer, but with 
isothermal lines, these being more or less difl'erent for each s]iecies. 
The geographical distriljutioii of a 'pecies is thus mainly determined 
by climatic or other physical caii'C". though in part, doubtless, by its 
organic constitution. In mo't cases species that are wide ranging 
are the most variable, as Avoidd naturally follow from their being sub- 
jected. in the ditferent portions of their habitats, to widely different 
environing circumstances. 

Hence such species are often fc-uml to run into numerous local races, 
some of them greatly ditferiiiir from others, but still inseparably 
connected by individuals inhabiting the intervening regions. Over dis- 
tricts slightly diA crsified. evcm if of large extent, spi'cies generally pre- 
serve comparative constancy of chara<-ter. Avhile. conversely, local races 
are of frecpient occurrence in regions of alt<“rnating \ allevs. jnoimtain 
ranges, and table lands, and more especially is this true if the highly 
diversified region be situated in the warmer latitudes. Small islands, 
remotely situated from otlnu’ lands, have usually many species pe- 
culiar to theni'clves. their differentiation being projAortionate to the 
geologic antiquity of the i'land' and their remoteness from larger 
land areas. In i'lands of recent origin and not widely separated 
from continental lands, the ancc'tral 'tock of the 'ijccie- is still often 
.SM 190.3 2S 



378 


PHYSICAL CO>"DlTIONS IN HPNP.SIS OF SPECIES 


clearly :ip]iarent. the forms thus ditferentiated through insular in- 
fluences not having passed beyond the varietal stage; in other cases 
they are specifically different from their nearest continental allies, or 
may evtm have advanced far toward generic distinctness, ivhile their 
origin may still remain tolerably apparent. 

Plasticity, or susceiitibility to tbe influences of physical surround- 
ings. often differs even among (piite closely allied species, as those of 
the same family or even genus, and different species are evidently 
affected differently by the same circumstances, ^'ariability in color 
iiiav or may not aci-om})any variability in size or in the character of 
particular organs, (fenerally. however, a species which varies greatly 
in one huiture varies to a similar degree in many others. .Species 
having a wide geogi'aphical range not oidy commonly run into a 
greater oi- h'^s number of local laces. but they gtmerally j)resent more 
than the aw'rage amount of strictly individual variation, as though 
sjiecies I'anging widely in space were originally more plastic than 
those Inn ing more circumscribed habitats, and wcuv thus alile more 
easily to adapt themselves to tluur surroundings: they are also more 
persistent, tluur fossil remains being far more frecpiently met with in 
the quaternary deposits than are those of the more local and gener- 
illy more specialized forms. 

( Jeographical variation, as e.xhibited by the nnimmals and birds 
of North America, may be summarized under the following lieads. 
namely, (1) variation in general size, ti!) in the size of peripheral 
part', and (;’>) in color, the lattm- being subdivisible into (a) variation 
in color with latitude and ( b ) with longitude. .Vs a rule, tin* mammals 
and birds of North .Vmerica increase in size from the south north- 
ward. This is true not only of the individual representatives of each 
species, but generallv tin* largest species of each genus and family 
are northern. There are, however, some strongly marked e.xci'ptions. 
in which the increase in size is in the opposite dirc'ction. or southw ard. 
There is foi' this an obvious explanation, as will be ])resently shown, 
the incri’a'C being found to lie almost invariably toward the region 
w here the typ(' or group to which the spe<-ies belongs receives its great- 
est numerical deielopment and where the species attain the largest 
size, ami are also most sp(>cializ(‘d. Th'iice the representatives of a 
given Species increase' in size toward its hypothetical center of dis- 
tribution. which is in most cases doubtless also its original center 
of disjiersal. Conseepiently there is freepiently a double decadence 
in size within specific groups, and both in size and numerically in the 
cast' of specit's when the ei'iiter of develo[)ment of the group to which 
they belong is in the warm temperate or tropical regions. This may 
bt' illiistrati'd by I'eferenct' to the di.stribution of the higher classes 
of lertebrates in North America. Among the species occurring north 
of IMexico there are very few that may not be supposed to have had 
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a iiortlierii origin; and the fact that some are circumpolar in their 
distribution ■while most of the others (esjtecially among the mam- 
mals) have congeneric Old World allies further strengthens the 
theory of their northern origin. Xot only do individuals of the 
same species increase in size to-ward the north, but the same is true 
of the species of the different genera. Again, in the exce^itional cases 
of increase in size southward, the species belong to southern types, or. 
more correctly, to types having their center of development within or 
near the intertropical regions, where occur not only the greatest num- 
ber of the specific representatives of the type, but also tin' largest. 

For more detailed illustration we may take three families of the 
Xorth American Carnivora — namely, the Canidie (wolves and foxes), 
the Felidic (lynxes and wild-cats), and the Frocyonidic (raccoons). 
The first two are to some extent cosmopolitan, while the third is 
strictly .Vnii'i'ican. The Canidie have their largest specific re2'>resen- 
tatives the world over, in the temjterate or colder latitudes. In 
Xorth Anuu'ica the family is represcmted by six species." th(> smallest 
of which, speaking geneiidly. are southern and the largest northern. 
Four of them are among the most widely distribtited of Xorth 
American mammals, two. the gray wolf and the common fox. being 
circumpolar species; iinother. the Arctic fox. is also circtimjtolar. but 
is confined to high latitiulcs. The three widest-ranging species — the 
gray wolf, the common fox. and the gray fo.x — are those which iire- 
sent the most marked variation in size. Taking the skidl as the 
basis of comparison, it is found that the common tvolf is fully one- 
fifth larger in the northern parts of British America and Alaska 
than it is in northern iNIexico. where it finds the southern limit of 
its habitat. Between the largest northern skull and the largest 
southern skull there is a difference of ahvut J-j /K-r cent of flic tncuo 
Specimens from the intermediate region show a gradual inter- 
gradation between these e.xtremes. although many of the e.xamples 
from the up2)er ilissouri country are nearly as large as those from 
the extreme north. 

The common fox. though occurring as far north as the wolf, is 
much more restricted in its southward range. es2)ecially along tin* 
Atlantic coast, and presents a corresjioudingly smaller amount of 
variation in size. The Alaskan aidmal. however, averages about one- 
tenth larger than the average size of specimens fi-om Xew England. 

3 The cr.'iy wulf ( tVouV hi/iii‘< [ = C'. oci iilnihilh aiul allied t'onus]i, the 
prairie welf iV. lutniii-'i [now treated as a fjroup of a dozen or more closely 
related species and suhs]M-cies] i. the Arctic fox i\'iiliii's huiopiix [now s(‘pa- 
rated into several forms] i. the comnion f()X t iilnin-.r [ = V. fiitriis and numer- 
ous relati'il fornisl I. the hit fox I t'. rc/o.r [now suh<livideil into several forms| i. 
and the erny fox Wrocijon rii-iiiiiiiunix r = r'. ciucrcijuri/rntciix, with a dozen or 
more sui)species] ). 
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In the gray fox. ivhoso habitat extends from Pennsylvania sonthtTard 
to Yucatan, the average length of the >Uull decreases from about 5 
inches in Pennsylvania to considerably less than 4 in Central 
America — a difference equal to about 30 per cent of the mean size for 
the species. 

The Felidic. unlike the Canidie. reach their greatest development, 
as respects both the number and the size of the species, in the inter- 
troiiical regions. This family has l)ut a single typical representa- 
rive — the panther (/'’c/A coik olor) — north of Mexico, and this ranges 
oidy to about the northern boundary of the Pnited States. The other 
North American represeiitatixes of the family are the lynxes, which, 
in some of their varieties, range from Alaska to Mexico. They form, 
howe\er. the most iiorthern as well as the most specialized or " aber- 
rant " type of the family. \Vhile they vary greatly in color as well 
as ill the length and ti'xture of the pelage at different localities, they 
afford a most remarkalih' (“xce[)tioii to all laws of variation in size 
with locality: for a large series of skulls, reiiresenting localities as 
widely sejairated as Louisiana, northern Mexico, ami California on 
the one hand and Ahiska and the Mackcmzie liiver district on the 
other, as well as various intm-mediate localities, reveals no ajipreciable 
difference in size throughout this wide area. The true cats, however, 
as the panther and the ocelots, are found to greatly increase in size 
southward or toward the metropolis of the family. The panther 
ranges from the Northern States southward over most of South 
America. Skulls from the Adirondack region of New York have an 
average length of about Tf inches, the length increasing to 8^ in 
Louisiana and Te.xas, from beyond which points there is lack of data. 
The ocelot (Felix panlaUx) finds its northern limit near the Rio 
Grande of Texas, and ranges thence southward far into South 
America. The average size of Costa Rican examiiles is about one- 
fifth greater than that of specimens from the Rio Grande. 

The Procyonidic are chiefly represented in tropical America, a 
single species — the common raccoon (Pr<i<>ii)ii h/for ) — being found in 
the ITiited States, and thence northward to Alaska |=British Co- 
himbia]. Here again the increase in size is southward or toward 
the metropolis of the family — Pennsylvania specimens averaging 
about one-tenth smaller than Costa Ifican examples. 

The common otter (Lutni. ((itKtilcnxls) affords another example of 
iucretise in size southward among our Carnivora, although belonging 
to a family essentially northern in its distribution. The otters, how- 
ever. form a distinct subfamily, which attains its greatest number of 
species in the warimu' regions of the earth, and hence offers not an 
exception to but a confirmation of the law of increase toward the 
center of distribution of the group to which it belongs. 
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Instances of increase in size northward among the Carnivora of 
Xorth America are so generally the rule that further space need not 
be taken in recounting examples in detail. It may suffice to state that 
Ihe badger (Td-i-idcn anicj'/t /mu) , the marten (Miistehi (n i(‘ri< (tn//) , 
tile fisher (.1/. jK/m/mfi) . the wolverine ((inJo }//>-< iix). and the ermine 
( Pi/t<})‘i//x Jncnit \—h>ii//l/u/id/i. fi/ /xjiKiii'/i. itin'P/iti-ii/idistx. 

etc.]) — all northern types — att'ord examples of variation in size 
strictly iiarallel with that already noticed as occurring in the foxes and 
wolves. 

To refer briefly to other groups, it may be stated that the Cervidm 
(deer family) are mainly rather northern in their distribution: tb.at 
ihe largest species occur in the colder zones, and that individuals of 
the same species increase rapidly in size toward the north. Some of 
the sjtecies in fact afford some of the most striking instances of 
iiorthward increase in size, among which are the comnion Virginia 
deer and its several representatives in tln' interior of the continent 
and on the Pacific slope. It is also noteworthy that the most obvi- 
ously distinctive characteristic of the grouji — tlie large, annually 
deciduous antlers — reaches its greatest development at the north- 
ward. Thus all the northern siiecies, as the moose, the elk. and the 
caribou, have branching antlers of immense sizia while the antlers are 
relatively much smaller in the species inhabiting the middle ri'gioii of 
the continent and are reduced to a rudimentary condition — a simple 
slender sharp spike, or a small and singly forked oni' — in the tropical 
^Itecies. the antlers declining in size much more rapidly than the 
general size of the animal. This is true in individuals of the same 
species as well as of the species collectively. 

The Kodentia (the squirrels, marmots, sjxu'mo]ihiles. mice, and 
their affines) otfer the same illustrations in respect to the law of 
increase in size as the species already mentioned, the size sometimes 
increasing to the southward, but more generally to the northward, 
since the greater number of the species lielong decidedly to northern 
types. There is no more striking instance known among mammals 
of variation in size with locality than that afforded by the flying 
squirrels, in which the northern race is more than one-half larger than 
the southern: yet the two extremes are found to pass so gradually 
the one into the other that it is hardly possible to define even a 
southern and a northern geographical race except on the almo.'t 
wholly arbitrary ground of ilitference in size. The specie's, moreover, 
is one of th(' most widely distributed, ranging from the Arctic regions 
(the northern limit of forests) to (Vntral .Vmerica. 

Among birds the local differences in size ai-e almost as strongly 
marked as among mammals and, in the main, follow tin' same gen- 
eral law. A decided increase in size southward, howevi'i'. or toward 
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tlu‘ wanner latitiules, oeeur^ more rarely than in niainnials. altliongh 
>everal well-mark('<l in^tanee^^ are known. The increase is gi'iK'rally 
northward and is often very strongly marked. The greatest dif- 
ference between northern and southern races occurs, as in mammals, 
in the species wlmse l)reeding stations emhract' a wide range of lati- 
tude. Ill S2iecies which breed from northern New England to Flor- 
ida the southern forms are not only smaller, hut art' also <2uite ditfer- 
ent in color and in other features. This is eminently the case in the 
common quail (Ortj/.c i'ii-(jini<iinig) . the meadow lark {StunicJht 
the jtniqtle grackle {Qii/xnihi.s ux) . tht' rt'd-winged 

blackbird [Afiehi-nx pho nii cnx) , the golden-winged woodt'ecker 
ij'oluptex iiiinttiix) . the towhee (Pipilo < nithrophtluiliniix) . the Caro- 
lina dove ( Zcutt d urn ffiroh'iu iix/'x) . and in numerous other sjiecies, 
and is tpiite apjireciahle in the blue jay {(_' ipiii u rux ( rtxfntnx) . the 
crow {('orrnx /n/irr/rii/iux) . in most of the woodjieckt'rs. in the tit- 
mice. numerous sparrows, and several ihrU'hes and warblers, the 
variation often amounting to from 10 to I.') i>er cent of ilii' average 
size of the sjjecies."' 

As a general rule certain jiarts of the organisms vary more than 
does general size, tlu're lieing a marked tc'ndency to enlargenu'iit of 
iieriidieral jiarts nnder liigh temiierature or toward the 'I'ropics; 
hence southward in North America. This i> more readily seen in liirds 
than in mammals, in coiisequenci' mainly of their iiecniiar type of 
structure. In mammals it is manifesteil occasionally in the size of 
the ears and feet and in the horns of hovines. hut especially and more 
generally in the itelage. .\t the northward, in individuals of the same 
sjjecies. the hairs are longer and softer, the under fur more abundant, 
and th(' ears and the soles of the feet iK'tter clothed. This is not only 
true of individuals of the same sj^ecies. hut of norlln'rn species col- 
lectively. as comiiared with their nearest southern allies. Southern 
individuals retain jiernianently in many cases the sjiarsely clothed 
ears and the naked soles that characterize northern indi\iduals only 
in summer, as is notably tlu' case among the ditferent s(2uirrels and 
s])ermo2)hiles. 

In mammals which have the external ear largely develo^ied. as the 
wolves, foxes, some of the deer, and especially the hares, the larger 
size of this organ in southern as conqiared with northern individuals 
of the same sjiecies is often strikingly a[)parent. It is more csiiecially 
marked, however, in species iidialiiting exti'iisivc* open plains and 
seniideserl regions. The little wood hare, or grav "rabbit " {Lcj/ux 

« The iiiodei'ii e(iiiiv;ilents of several of tli(' technical names in this para.craiili 
are .as follows: Ortii.r f =f'o//y/»s] riri/iiiiiiiiiix : (Jiiixcahix i)iii pm ciix [--(/iiix- 
mfln\: Zrntrilurit curuJimnxtx \=Zr}ntUlm'ii imiri ottni \ : rifinnirus \=<' yuutt- 
littd] cristntd: < 'nrnix iiuki icuiiKx \ =bnicliiirh/iiicliiix]. — Aiitlinr'x untr. Ifiou. 
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■SI// ratiriis) " iili'ords u ciise in jjoiiit. This species h represented in 
some of its varieties across the whole hreadth of the continent and 
from the northern border of the United States southward to Central 
America, but in ditferent regions by ditferent geograpldcal races or 
snl)species. In addition to certain ditt'erences of color and general 
size, the ears vary still more strongly. In the form inhabiting the 
(Ireat Plaiim. commonly known as the little sagebrush hare {L. -si/lru- 
fio/.s itiitfiil/i), the ears are considerably longer than in the eastern 
variety and increase in size from the north southward, reaching their 
greatest devehtjmient in western Arizona and the desert region 
farther westward and southward, where the variety of the plains 
proper passes into still another variety characterized mainly by the 
larg(' size of its ears, which are in this race nearly twice the size they 
attain in the eastern variety. In the large long-eared " jackass " 
hares of the plains the ear likewise increases in size to the southward. 
In Li'jiiiis < ii//ofi.s.'' for example, which ranges from 'Wyonung south- 
ward far into ilexico. the ear is about one-fourth to one-third larger 
in the southern examples than in the northern. 'I'he little brown hare 
of the Pacific coast {L. fnurJiridi/c/) presents a similar increase in 
the size of the ear southward, as does to a less extent the prairie hare 
(L. rii/ii/)r,strt.s). Xot only are all of the long-eared sj)ecies of Ameri- 
can hares confined to the open plains of the arid interior of the conti- 
nent. but over this same region is the tendency to an enlargement of 
the ear sotithward stronger than elsewhere. It is also of interest in 
this connection that the largest-eared hares (A' the Old "World oi'cttr 
over similar open, half-desert regions, as do also the largest -eared 
foxes. On our Mestern plains the deer are re]>resented by a large- 
eared species. Among the domestic races of cattle those of the 
warm temperate and int(‘rtroj)ical regions have nuu'h larger and 
longer horns than those of northern countries, as is shown by a com- 
jiarison of the Te.xan. INlexicaii. and .'south .Vmerican breeds with 
the northern stock, or those of the south of Euroi)e with the more 
northern races. In the wild species of the ( )ld AVorld the southern 
or subtropical are remarkable for the large size of their hoi'iis. The 
horns of the American pronghorn ( Antiloi a /irii <uii<ri< inm) are als;* 
much larger at southern than at northern localities.'' Naturalists 

« The .eninp here referred to iis Li'pitx .siilraticiis lias in recent years been 
ilivided into some twenty-live or more forms, mostly with the rank of snh- 
sl»eeies. — AiitlKir's note. ]!Hil!. 

Le/iiis eiilliitis. as now reeoirilized. does not ix-enr north of .Mexho; in ]>laee 
of this name may he siihstituteil Lrinis tr.riniiii.s and its suhs|ieeies. — Aiiflioi-'.s 
note, 

' Tile deer tribe, in whieh the .antlers increase in size toward the north. offi>r 
an aiiparent exception to the rule of increase in sizi' of peripheral parts toward 
tlu' Tropics. The antlers of the deer, however, are merely seasonal appeudattes. 
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have also recorded tlie existence of larger feet in many of the smaller 
North American mammalia at the southward than at the northward 
among individuals of the same species, es[)ecially among the wild 
mice, in some of the s(purrels. the opossum, and raccoon, as well as in 
other species. 

Ill birds the enlargement of peripheral parts, especially of the bill, 
claws, and tail, is far more obvious and more general than in mam- 
mals. The hill is particularly susc.-eptihle to variation in this reg'ard, 
in many instances being very much larger, among individuals of 
unquestionably the sanu' species, at the southward than at the north- 
ward. This accord-- with the general fact that all the ornithic type.-- 
in which the bill is remarkal>ly eidarged occur in the intertropical 
regions. The southward enlargement of the hill within sjiecitic 
groups may be illustrated by reference to almost any group of North 
American birds, or to those of any portion of the continent. As iTi 
other features of geographical variation, tbe greatest dill'erences in 
the size of the bill are met with among spccicN Inn ing the widest dis- 
tribution in latitude. Among the species inhabiling eastern Noi’th 
America we find se\'eral striking examples of this enlargement among 
the si)arrows. blackliirds. thrushes, crows, wrens, and warblers; in 
the quail, the meadow lark, the golden-winged woodj;)ecker. eti‘. ( Jen- 
orally the bill in tlu‘ shmder-bilk'd forms becomes longer, more atten- 
uated, and more deciirved (in individuals s])ecifically the same) in 
passing from the New England Stat(>s southward to Florida, while 
in those which have a short, thick, conical bill there is a general in- 
crease in its size, so that (he southern representatives of a species, as a 
rule, have thicker and longer bills than their northern relatives, 
though the birtls themselves are smaller, d here is thus not only gen- 
erally a rehiti\'e. but often an aI)~olule. increase in the sizi' of the bill 
in the southern races. The -pecies of the Pacific coast and of the 
interior atford similar illustrations, in some cases more marked even 
than in any of the eastern species. Afore rarelv. but still ([uite fre- 
quently. is there a similar inci'easc in the size of the feet and claws. 

The tail. also, atlords an (‘qually striking example of the enlarge- 
ment of peripheral jiarts southward. Kehu-ring again to the birds of 
the Atlantic coast, many of tin* abo\'e-named species have the tai' 
absolutely longi'r at southern localities than at northern, and ipiite 
often relatively longer, d'hus, while tin* general size decreases, the 
lengfth of the tail is wholly maintained, or decreases less than tlu^ gen- 
eral size: halt in some case', while the general size i' oiu'-timth or 
mole smaller at tin- sooth the tail is 10 to l.> pm* cent longei* than in 
the hirger nortlu'rn bird'. Some wcsli-rn specie' ai’e e\*(*n more re- 


Iiomg aiinuall.v ea.-t ami i-i-neweil. ami are thus eiitirel.v ililTereiit ] ili,<-sioleirieally 
from tlie horns of iMivines. which retain :i hi.ah (lem'ee of vit.ilit.v i !ir aiclaait Tim 
life of the animal. 
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markable in tins respect, and in c()nse(|uence mainly of this fact the 
southern tvjies have been varietally separated from the shorter-tailed 
northern forms of the same species. 

Variation-' in color witli locality are still nioia- obvious, particu- 
larly among birds, in 'which the colors are more po>ilive. tht> con- 
trasts of tint greater, and the markings conse(inently better defined 
than is usually the case in mammals. The soft, finidy divided 
covering of the latter is jtoorly fitted for the display of the delicate 
pencilings and the lustrous, prismatic hues that so often char- 
acterize birds. iNIammals. however, present many striking instances 
of ge(jgraphical variation in color. 

As already stated, geographical variation in color niai’ be con- 
veniently considered under two heads. While the variation with 
latitude consists mainly in a nearly uniform increase in one direc- 
tion. the variation observt'd in passiiig from the Atlantic coast west- 
ward is more comple.x. In either case, however, the variation results 
primarily from nearly the same causes, which art* obviously climatic, 
and depend maiidy upon the relative humidity or the hygronietric 
conditions of the different cliinatal areas of the continent. In re- 
spect to th(‘ first, or latitudinal variation, the tendency is always 
toward an increase in intensity of coloration sonthward. Not only 
do th(> primary colors become deepened in this din'ction. but dusky 
and blackish tints become stronger or more intense, iridescent hues 
l)ecome more lustrous, and dark markings, as sj)ols and streaks or 
transvers(‘ bars, accpiire greater area. Conversely, white' or light 
markings become more restricted. In passing westward a general 
and gradual blanching of the colors is met with on leaving the 
wooded regions east of the ^Mississippi, the loss of color increasing 
with the increasing aridity of the climate and the absence of forests, 
the gn'atest jaillor occurring over the almost rainless and semidesert 
regions of the (ireat Ihisin and Colorado Desert. On the Pacific 
slope north of California the color again increases, ^ith a tendency 
to heavv. soml)er tints over the rainy, heavily wooded region of the 
northwest coast. 

Geographical variation in color among mammals, for reasons 
already stated, is gi'in'rally. but not always, manifested merely 
through the varying intensity or ilepth of the tints. It is. however, 
often strongly marked. The common chickaree, or red squina'.l 
luidsiniitix) . for examjile. which ranges from high northern 
latitudes southward over the northern portion of the United States, 
shows an increase in the color over tlu' midtlh' of tlie dorsal surface 
from pale yellowish or fulvous to rufous. The fox s(purrel of the 
Mississippi Valley ( Sr/urn.s nif/i r. hi(]iir'n hinns) . which ranges from 
Dakota' soutliwai'd to the Gulf of Mexico, has the hnver parts, at 
the northward, very pale yellowish white, which tint gradually in- 
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tivascs ill intensity southward till in Louisiana it beeonies ileep red- 
didi orange, the dorsal surface also becoming at the same tim(> some- 
what darker. Excepting the fox sijuirrels and a Pacihc-coast variety 
of the chickaree, all the squirrels living north of Mexico have the 
lower ]>arts white, while those inhabiting tropical America have the 
lower parts fuLous, deep gohlen. orange, or eveii dark brownish 
red. specimens with the belly white lieing exceptional, though occa- 
sionally occurring in several of the species. 

Mammals tend strongly to rim into melanitic phases, which are 
especiallv developed at particular localities or over limited regions, 
but whether or not the result of geographical influences is not clearly 
evident. The whitening of the pi'lage in winter at the north in a 
considerable number of species (d' mammals and in one genus of birds, 
and not elsewhere, is. on the contrary, a strictly geographical phe- 
nomenon. but seems to be the result of other than the ordinary causes 
of geographical variation in color. Its occurrence in some species 
and its absence in others closely allied to them is a fact not readily 
explained. It shows, however, how ditt'erently difl'ereut animals are 
affected by the same influences. The change to a white winter livery 
is more complete in the higher latitudes, where the whiteness iter- 
vades the ])elage to a greater depth and continues for a longer period, 
the change being only partial in the southern reiireseiitatives of 
species that exhibit this seasonal change of color. 

In respect to southward increase in color among birds, a few ex- 
amples only out of the many almost ecpially striking can be here 
given. These will be chosen from widely difl'erent groups and will 
represent localities remotely separated, as w<*ll as very diverse styles 
(jf coloration. In comparing, for instance. New Kngland examples 
of the common ([uail with other.' from soutliern Florida the colors 
are found to be so much stronger and darken' in the southern birds 
as to give the appearance of their being entirely di'tinct s|iecies, 
partii'ularly when the smaller size and larger bill' of the southern 
race are al'o considered. lA'hile in the northern birds tiu‘ color of 
the dorsal surface is gray and rufous, slightly varied with black, the 
gray is wholly wanting in the the southern type, the rufous i' much 
stronger, and the black markings are very much broader. The lower 
surface is varied by transverse bars of black and white, but while 
in the noithern birds the wdiite bars are twice, or more than twice, 
the width of the black onc'. in the southern birds they are often of 
e(|ual width: or the blaf'k bars may be the broader, with much more 
black bordering the white throat jiatch. giving, on the whole, a very 
much darker a'|)ect to this rt'gion of the Itody. Yet when a .-erics 
is l)rought together from many intermediate localities, there is found 
to be a complete intergradation between the most extreme' ])hases. 
In the common towhee the stvle of coloration is entindv difl'erent 
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from that >peii in the ([iiail. the colors heiiio’ chlotly massed in large 
areas, with white markings on the wings and largi' white spots at 
the ends of the onter tail feathers. In this species sonihern speci- 
nnms differ from northern ones in the hlack of the upper parts and 
the chestnnt of the sides being more intense', while tlie white' markings 
on tile Avings ami tail are greatly reelnceel in area. In the northern 
bird, four of the ottter pairs eif tail feathers have a large' white spot 
near the end. while in the semthern feirm only three jiairs are thus 
marked. 

In the jittrple grackle the plttmage (in the males) is cvervAvliere 
hlack. AA-ith. at the north, greenish or bronzy reflect ieiiis : in the seuith- 
ern or Floridan form the black is more intense, and the i-effections 
are steel blue and purple. Avith iridescent bars across the middle and 
loAver parts of the back. In the northern form the' female is dull 
broAvnish-black. Avith little or no iridi'scence. Avhih' in thi' southern 
foi'in the female is nearly as lustrous as the northern male. The tAVO 
types differ so Avidely. not only in color, but, as previously noticed, 
in size and in the form of the bill. that. Avithont tlu' connecting sjieci- 
mens from intermediate localities, no ornithologist Avould hesitate 
to regard thi'in as entirely distinct species; and tlu'y Avere. indi'ed, 
at OIK' time so rcgartled. The red-wing»>d blackbird has. e.xci'pting 
its red Aving patches, also a lustrous black plumage throughout, ami 
presents a similar rangi' of variation in general color Avith the pre- 
ci'ding: Avhile the red of the Aving patch beconu's much darker at the 
southward, and its creamy-white border seen in the northern form 
changes to yellowish-orange in the southern. 

The common blue jay. and the long-cri'sti'd jays of tlu' Tvocky 
^Mountain region, may be cited as illustrations of soutliAvard increase 
in lu'illiancy or intensity of coloring Avhere the jirevailing tint is 
blue: the green Mexican and Kio (irande jays of a passage from 
yelloAvish-grei'ii tints into bright yi'lloAA-; the yelloAV-throated Avarh- 
lers (gi'iius <r<‘i)thh/ i)ts) . several of tlu' ilycatclu'rs (genera J/ydov7o/.s‘ 
and Tijriuiniix). ami the meadoAv lark, as exanpiles of increasi' in the 
area and intensity of velloAv: several of the Avoodpeckers ( genera 
Ceittiinis and j>fn/r(tplf i/.s) . the cardinal tinches ( genus ( 'a i d hidlis') , 
ami some of the tanagers (genus Pi/mtufii) . of a sindlar increase 
of red: the goldfinches (genus ('liri/.si»tifrix) . and most of the species 
above named, of increase in e.xtent and purity of black areas. The 
Tvocky ^Mountain jays have, at the nortliAvard. a large portion of the 
plumage rather dark ashen. Avhicli farther soutliAvard beconu's bluish 
ash, and still farther south culminates, in tlu' Central American 
States, in blue. In the gi'uus (hofhhipis, the ^Maryland yelloAvthroat 
{<T. friiiirx). Avhich ranges over the Avhole Fnited State-, and tlu'nce 
far soutliAvard. has at the nortliAvard the abdomen Avhitish: more to 
the soutliAvard. yelloAvish: and. in the West Indii's. ilexico. and 
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northern South ^Viueriea. rnii^ into raee> in which the ahJomen is 
In'ight yellow. At the same time the black inarkinu's about the head 
increase in extent and purity and the g'eneral size becomes larger, 
the group having its metrojiolis in the tropical regions. In conse- 
quence of these variations in color and size this spoei^.^ south- 

ward becomes di tfei'eiitiated into several more or less well-marked 
subspecies | formally accorded full specific rank), which are con- 
nected by an unbroken series of intorgradations. 

In the great-crested flycatcher (Mi/uneJiiis t-rinltna) of the United 
States the yellow of the abdominal region is much the stronger in 
the. soutlnu'n birds, while the same is true of several of the wccstern 
species of the same genus, which at the southward also pass into sev- 
eral recognizable subspecies. 

The westei'u goldfinch (('hnjin.nntrU p-'idltiuu) affords a well-known 
instance of iiicri'ase of black. This species is found in the western 
half of Nortli America from about the parallel of 10^ southward to 
Ecuador. The northern form has the black of the upper parts 
mainly restricted to the head, wing, and tail, tin* rt'st of the dorsal 
surface being olive green. In northern Mexico the back begins to 
be more or less clouded with Idack, which tint increast‘s in extent in 
Central America till it wholly replaces the olive green, while in 
northern South .Vmerica it becomes more intense and lustrous. In 
northern sp('ciim'ns the tail is marked with white spots, which either 
decrease greatly in size or become wholly obsolete' in the southern 
races. The extremes, as may well la- imagined, are widely diverse in 
their coloration and. though formally regarded as entindy distinct 
species, have lieeii found so thoroughly to intergrad(' that it is im- 
possible to draw any lines of separation betw(‘en the several races. 
Lawrences's flycatcher {Mi/'uinhux hnrrciicci) affords also a striking 
example of southward increase in the area and intensity of black. 
At the northward this species has a grayish-black crown, which grad- 
ually passes southward into a foi-m with the crown wholly deep 
black. IVith the increase southward of the artai and intensity of 
black markings there is also in this, as in other species, a general 
increas(‘ in the intensity or depth of the other accompanying tints. 

The riMl-belli('d. or Carolina, woodpecker (Ci-ittiinin rm-oli/ni.s) . a 
common bird of the United .States, shows a strong increase of red on 
the head and lower surface of the bo<ly at the southward, in which 
this tint is not oidy much brighter, luit also much more extended in 
the south Florida birds than in those fi'oin the Xorthern .States. At 
the same time it presents, in common with other species of the same 
family, a marked southward decrease in the size of the white trans- 
verse bars and spots of the dorsal iiluniage. 

In the southern portion of the Mississippi Valley the variation is 
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ill ;i trojiicul (lircetioii, and is merely due to tlie more northward ex- 
tension there of tropical influences. In passing to the jilains and the 
(freat Basin west of the Rocky Mountains, however, an entirely 
different phase of color variation is met with. Here, as a aeneral 
rule, there is a loss of color, this region being characterized by the 
presence of subdued or faded tints in the rejiresentatives of species 
having a nearly continental range. The transition, liowever, is as 
gradual as is that of the climatic conditions, the paleness beginning 
near the eastefii border of the Great Plains and increasing westward, 
leaching its extreme iihase in the arid wastes of the almost wholly 
rainless districts of the far Southwest — soutli Nevada. Arizona, and 
the contiguous region westward ami southward. In respect to this 
liart of the siiliji'ct it is hardly necessarv to say more than that the 
representatives of continental species found here are uniformly much 
lialei’ than those inhabiting the adjoining regions; that in many 
cases the jialer forms were originally described as distinct species, 
and are commonly recognized as varietally distinct, though found 
to insejiarably intergrade with the mughboring darker forms. In 
addition to the general paleness there is often an increase in the areas 
of white and in some cases an accession of lu'w ones. 

The wooded, mountainous districts embraced in this region also 
gi\e rise to peculiar local phases of color variation, to give a detailed 
account of tvhich would too greatly extend the prcsimt jiaper. The 
tendency is inaiidy toward the development of more or less well- 
marked rufous or fulvous phases of coloration, with sometimes an 
accession of red. Avhile not a few species have more than the usual 
amount of black. A most striking instance of increase of red at 
western localities is seen in the yellow-bellied woodpecker [Sphi/- 
raplcna rd which, in some of its forms, ranges in the breeding 
season over the more northern and elevated ivooded portions of the 
continent. In its eastern form the male has merely the chin, throat, 
and crown reel, tvliile in the female the red is restricted to the crown. 
In rare instances there is a trace also of a narroAv reel nuchal band. 
In the Rocky Mountain form, however, there is always a reel nuchal 
banel, the reel on the throat is more extended in the male, anel a small 
area of red appears also on the throat of the female. In the form met 
Avith in the Cascaele Range the real begins to spread oAer contiguous 
portions of the plumage, Avhile in the form oe-curring along the Pacific 
e‘oast the red overspreads the Avhole luatd. neck, and breast, through 
Avhich. hoAvever. the markings of the eastern birds can generally bo 
readily traced. Here Ave haAc, at one end of the series, the red con- 
fined to a fcAV distinct patclies about the head. Avhile at the other it 

^ 111 1S7T siijniniiiii //v nti'inx inphulcd N. ruhrr as oik* of its subspepios, now 
generally held lt> be a distinct si>ecies, — Author's note. ItKhj. 
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( Xteud^ ()V('r the whole anterior half of the body. Yet the intergra- 
datioii between the two has been so fully traced that these diverse 
forms ai’(‘ now held by competent authorities as merely local races of 
a single species. 

Another case of the increase of red over the same region is afforded 
by the golden-winged and red-shafted woodjieckers (genus Cohiptev) . 
in which yellow in the eastern form is replaced by red in the other; 
in the middle region of the continent the species being largely repre- 
sented by individuals in which are variously combined the special 
charact(>ristics of th(‘ tw(> forms. In tin' present case the Itlack cheek 
patch of the eastern form is replaced by a red one in the western, 
d'races of the characteristics of the ivesterii type occasionally appear 
in the most eastern represc'utatives of the eastern type, and, con- 
V(‘rsely. features of the eastern bird appear in the most western rep- 
n'sentatives of the ivestern, slmwing at least their close affinity and 
probalile community of origin. 

The I^aciiic coast region from California northward is character- 
ized by a great accession of color, all the continental s]ie'cies being 
iiere represented by forms much darker even than on the Atlantic 
coast. Here the coloration is duller than at the southward, though 
j)erhaj)s e(|ually strong, the general tendency being to fuscous or 
dusky tints. IVe conA‘(piently tind among the mammals and birds of 
the United States three strongly marked phases of color ditferentia- 
tion among representatives of the same species, characterizing the 
three most strongly marked climatal regions — a bright, strongly col- 
ored form east of tlie (Ireat Plains, a pallid form over the dry 
central region, and a deeply colored fuscous form over the rainy, 
lieavily wooded region of the northwest coast. Examjiles of this 
dilferentiatioii are afforded by apparently all the s])ecies whose habi- 
tats e.xtend entirely across the contiiu'ut, the several local forms being 
in some sjiecies only more strongly marked than in others. Among 
mammals illustrations are afforded by different sjtecies of squirrels, 
hares, mice, lynxes, deer. etc., and among birds by six or eight 
species of sjairrows. a number of woodpeckers, several flycatchers, 
thrusiu's, and warblers, the meadow lark, various hawks, owls, etc. 
(Tenerally these several geographical forms were originally described 
as dstinct species, and many of them are still thought worthy of 
r('cogniti(»u by varietal naiiK's. As intermediate links began to be 
liiscovered they were at first looked tipon as the result of hybrid- 
ity between tlie supposed di.'-tinct species whose characters they 
respectively comt)ined, liut eventually such links were found to be 
too freijuent and too general over the areas where the habitats 
of the scwi-id furms cduu' together to render such a supposition 
longer tenable, it finally appearing evident that they were only 
the connect iiig forms between merely local races or incipient species. 
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The local races of any given region, as compared collectively with 
those of contiguous regions and the manner of their mutual intergra- 
datioii, point plainly to some general or widely acting cause of ditfer- 
entiation. This is indicated bv the constancy of the results, so many 
species, lielonging to numerous and widely distinct groups, being simi- 
larly atfected. Will the fortuitous, spontaneous results of natural 
selection yield a satisfactory explanation of these phenomena, or must 
we seek some more uniform and definitely acting cause? To briefly 
summarize the results above detailed, we have a somewhat uniform 
increase of size in some given ilirection. ali'ecting many species 
simultaneously and similarly over the same areas. V\'e have a fre- 
<{uent enlargement of peripheral parts, ati'eeting not a few. but many, 
species, and all in a similar manner, though in varying degrees. We 
have a veiy general increase in the depth or intensity of colors south- 
ward. a general loss of color in approaching the central arid portions 
(,f the continent, and again an excessive increment of color under 
still ditferent climatic conditions and over a different area. Wo find 
the increase of size among the individuals of any given species to be 
(juite uniformly in the direction of the center of distribution of the 
grou}) to which the species belongs, this being especially well marked 
in mammals. We find the increase in the size of peripheral parts, as 
the externa] ear and the length of the jielage in mammals and the 
size of the bill and length of the tail in bird'-, to be in the direction 
of the regions where these jiarts meet, respectively, their greatest 
development — the increase m color (especially among birds) toward 
the region Avhere are developed the richest and most lustrous tints; 
the loss of color in the direction of the region where the greatest 
general pallor prevails. 

We find again that the enlargement of peripheral parts correlates 
with increase of temperature; the southward increase of color with 
an inerea-e of atmospheric humidity and temperature, and eonse- 
quentlv with the protective influences of luxuriant arboreal vegeta- 
tion and clouds: and. conversely, the loss of color accompanying 
excessive aridity, a scanty vegetation, and an almost cloudless sky, 
the conditions, in short, of all others the most powerfully effective in 
the blanching of color: and again, the somber, dusky, tints of the 
northwest coast accompanying the most humid conditions of climate 
and the conditions generally most favorable for the protection or 
preservation of color. Are these merely accidental coincidences, or 
are they the evident rcsidts of cause and effect? Because the white 
winter livery of some of the northern species is more protective 
again^'t cold than darker tints woidd be, or aids in concealing them in 
some cases (as in the hares and j)tarndgans) from their enemies, or 
in other case< (as in the ermines and the arctic fox) tends to aid 
them in stealing unpcrceived upon their prey, are they to be regarded 
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as unquestionably the beneficial results of the working: of natural 
selection ? Because the dull gray tints of species inhabiting the 
seniiarid regions of the interior harmonize well with the general 
Cray asj^ect of their surroundings, is this concordance the result again 
of the operation of the law of natural selection, the less favorably 
colored having been weeded out' in the struggle for existence ? Are 
the heavy, dull colors of the humid region of the Xorthwest the re- 
sult. again, of the necessary intluenee of natural selection in perpetu- 
ating only the individuals whose colors l)est accord with their som- 
ber conditions of environment? Has the same action brought about 
the bright, rich coloration of birds, insects, and other animals under 
the warm, humid conditions of the hottcu* jiarts of the earth, preserv- 
ing the ratio of brilliancy of coloration with that of the conditions 
that everywhere most favor such ditferentiation ? Finally, is the 
exact correlation of the changes in coloration with the gradual 
change of climatic conditions in passing from one geogra])hical 
region to another the result in like manner of the long-continued 
weeding out of the less favored? Or are these moditications sever- 
ally due to the action of the conditions of environment? 

In answering these questions it may be well to glance first at the 
nature of the theoretical origin of differentiation through the influ- 
ence of natural selection as expounded by the leading advocates of 
the theory. As is well known, all the individuals of a species found 
at the same locality (differences resulting from sex and age aside) 
are not all east in the same mold, but differ constantly, the average 
range of purely individual variation in general size and in the size 
of difl'erent parts ranging (in birds and tnammals) finni y to I.") or 
20 per cent of the average size for the species, with a corresponding 
amount of variation in color. These variations are found to tend 
in every conceivable direction, and it of course follows that ,-ome of 
them must be in directions exceptionally favorable to the species. 
The theory of modification by the action of natural selection only 
supposes that the stronger or othei-wise more favored individuals 
transmit their favorable qualities to their offspring, and that the 
latter, in consequence of their inherited advantages, multiply more 
rapidly than their less favored relatives: that these favorable devia- 
tions from the parental stock become in sub^e(^uent generations more 
pronounced, and that the original form is eventually overpowered 
and supj)lanted by its modified descendants. From the same origi- 
nal stock may be conceived to arise, even simultaneously, other forms 
diverging in different, though still favorable, direction^, these in 
turn giving rise to several lines of descent, occupying perhaps dif- 
hu'ent portions of the habitat of the original species, where they also 
multiply and become dominant, and eventually pa^s on from the 
stage of incipient species to more or less widely ditferentiated types. 
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These premises heiiijj adinitteil — iiiul they are certainly within the 
hounds of reasonalde concejition — only the element of time appar- 
ently is requisite for the development of an endless variety of un- 
stable forms, constantly increasinji in niiinher and followin<>- diver- 
gent lines of development, and thus capable ap[)arently of giving 
rise to all the diversity of organisms at present peopling the earth. 

But there are many adverse circumstances with which the favored 
forms have in the outset to contend and to which in the majority of 
instances they must succumb. These are. first, the minutenes-- of the 
first favorable divergence, the isolation of the individuals in which it 
appears, and conseciitently the impossibility of such individuals pair- 
ing with others similarly favored, and the cou'equeut tendency of 
the offspring to possess the favorable characters in a less rather than 
in a greater degree than the parent, and to be absorbed into the origi- 
nal stock. Secondly, in case the incipient advantages are peiqx'tn- 
ated. as it is necessary to suppose, the new ofl'shoot must originate 
from a single point and spread thence gradually to contiguous re- 
gions as its representatives slowly multiply. 

But it is supposed, again, that new forms are not always thus 
gradually evohed from minute beginnings, but sometimes — perhaps 
not infrequently — arise by a ftaltiis; that individuals may he horn 
widely different from their parents, differing so widely and persist- 
ently as not to be so readily absorbed by the parental stock. In proof 
of this instaiu-es are cited of new species apitarently ap])earing sud- 
denly and of varieties thus originating under artificial conditions 
resulting from domestication, (iranting that new forms may thus 
arise, although as yet few facts have been adduced in its siqjport, 
they are m-eessarily at first local and in no way accord with the ob- 
served geograjihical differences that characterize jjarticular regions 
and which affect similarly many species belonging to widely different 
groups. 

The direct influence of climatic or geograi)hical conditions upon 
animals is, in the main, ignored by the leading exponents of the doc- 
trine of natural selection. To cpiote Mr. Darwin's own word~ on this 
point : 

The action of climate seems at first si^lit to he tiuite imieneiulent of the strii}:- 
gcle for existence : but. in so far as climate chietl.v acts in reduciu,;; food, it 
hriufts on the most severe struirale hetweeii the individuals, whether of the 
same or of distinct suecies. which subsist ou tlie same kiinl of food. Even when 
climate — for instance, extreme <-old — acts directl.v. it will he the least vi;rur- 
ous. or those whii-h have .afit the least food through the advancing winter, which 
'vill suffer most. When we travel from south to norlli or Irmu a damp ivciou 
to a drv. we iuvariahl.v see some s])e<-ies aradu.dl.v aettiiic imrer and rarer anil 
tiuall.v disapiiearinc. anil the chanae of i-hm.ite heiuv i ous]iicuous. we are 
tempted to altriluite the whole effect to its direct ai tiun. I'.ut tills is a false 

SM 190.5 29 
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view; we Lirjret that each sjiecies, even where it most abounds, is constantly 
suffering enormous destruction at some iieriod of its life from enemies or from 
competitors for the same place and food, and, if these enemies or competitors 
he in the least degree favored by any slight change of climate, they will increase 
in numbers, and, as each area is alread.v fully stocked with inhal)itants, the 
other species will decrease. hen we travel southward anil see a species de- 
creasing in numbers, we may feel sure that the cause lies rpiite as much in 
other species being favored as in this one being hurt. So it is when we travel 
northward, but in a somewhat lesser degree, for the number of species of all 
kinds, and therefore of competitors, decreases northward ; hence in going 
northward or in ascending a mountain we far oftener meet with stunted forms 
due to the directlii injurious action of climate than we do in proceeding south- 
ward or in descending a mountain. When we reach the Arctic regions or snow- 
capped summits or absolute deserts, the struggle for life is almost e.xclusively 
with the elements. That climate acts in main part indirectly b.v favoring other 
species we may clearly see in the ])rodigious number of plants in our gardens 
which can perfectly well endure our dim.-ite. but which never become natural- 
ized. for they can not comiiete with our native plants nor resist destruction by 
our native animals.a 

While there is perhaps little reason to question tlie general correct- 
ness of the above-quoted generalizations, they have little bearing 
upon the question of the modification of species by the direct action 
of climatic conditions, but relate mainly to such mifavorablo climatic 
influences as tend toward the extinction of species or to the circum- 
scription of their ranges. Indeed, the phenomena of variation de- 
tailed in the foregoing pages ivere almost wliolly unknown at the 
time the earlier editions of the Origin of Species were published, and 
have hardly as yet become the common property of naturalists. 
Gradual decrease in size southward in hundreils of species inhabiting 
the same continent, or a gradual increase or decrease in color in given 
directions on a similarly grand scale, are facts but recently made 
known, and liaA'c not as yet been very fully discussed by evolutionists 
of the purely Darwinian school. Mr. Darwin, indeed, in referring 
to the " etfects of changed conditions upon animals, alludes to facts 
of a similar character — as tlie alleged brighter colors of Knropean 
shells near their southern limit of distribution and Avhen living in 
shallow w ater, and the more somber tints of birds that lii’e on islands 
or near the coast under overcast skies as compared w ith tho-'C of the 
same species liA-ing more in the interior, etc.— but i^ in doubt as to 
how much should lie attributed even in such cases “ to the acciiniula- 
tii e action of natural selection and how much to the definite action 
of the conditions of life.” " Thus.” he says. " it is well known to 
xuriier^? that animals of the same species have thicker and better fur 
the farther north they live; but who can tell how much of this dif- 
ference may be due to the warme.'^t-clad individuals having been fav- 
ored and prc'-erved during many generations and how mncli to the 

a Origin of Species, 5th ed.. pp. SO. 81, 
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action of the severe climate? For it would apjiear that climate has 
some direct action on the hair of our domestic quadrupeds."’ “ Since, 
however, it happens that some species do not varv at all, although 
living under the most opposite climates, he is thereby inclined " not 
to lay much weight on the direct and definite action of the conditions 
of life."’ though he fully admits “ that strong arguments of a general 
nature may be advanced on the other side."’ In one sense,"" he adds, 
“ the conditions of life may be said not only to cause variability, but 
likewise to include natural selection, for the conditions determine 
whether this or that variety shall survive.""*' But he says again: I 
believe that natural selection generally acts slowly in effecting 
changes at long Interruh of time ami oith/ on a feu: of the iiihahitant-s 
of the f<anie eegion." In a later work, however, he refers to the vari- 
ation in color with locality seen in many species of birds in the 
United States, and says cxjjlicitly. in reference to northern and 
southern localities, “ this seems to be the direct result of the difference 
in temperature, light, etc., between the tivo regions."" '' 

There is. however, a vast amount of unquestionable proof of the 
direct and constant action of climate and other conditions of life 
upon animals, and that such geographical variations as the thicker 
and softer fur of mammals inhabiting cold regions, smaller size and 
lirighter colors at the southward, etc., do not ixHpiire the action 
of natural selection, in its strict and proper sense, for their explana- 
tion. It is well known, for instance, that a flock of fine-wooled sheei) 
when taken to a hot climate rapidly acquire a coarser and coarser 
fleece, till, in a few generations, it nearly lo^es its character of jtroper 
wool, and becomes simply hair; that the change affects sinndtaneou^ly 
the whole flock, and is not brought about by one or two iiulividuals 
acquiring a coarser ffi'cce and through their descendants modifying 
the character of the herd. Furthermore, in the case of sheep, it is 
well known that certain countries are very favorable to ihe production 
of a fine fleece, and that fine-wooletl breeds, even by man"s aid. can 
not be perpetuated in other regions. Again, it is a fact of common 
observation that in birds and mammals colors become more or les~ 
faded toward the moulting season simply by the direct action of the 
elements, the tints of the fresh and the long-worn plumage or 
pelage being more or less strikingly different in the same individ- 
uals, and that this contrast at different seasons is more marked in 
arid than in moist regions, through the greater bleaching effect of a 
dry heated atmosphere and the more intense dazzling sunlight of 
regions that are not only cloudless, but lack the protection afforded 
by abundant vegetation. 

'■ Oi-isiu of Specu'^. pp. n;r,, 11:7. t-The Ileseeut of -AIuu, LJd. eU.. ii. 

b Origin of Species, p. lUS. 
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While j-o much chiimed by the writer as due to the direct action 
of climatic causes, it is admitted also that habits and food and other 
conditions of life than those resulting from climate have a marked 
effect in determining modifications of form and color among animals. 
A scarcity of a favorite kind of food will undoubtedly force species 
to subsist uiion the next best that offers, which may be so different as 
to modify certain characters and fit the species to live upon the less 
desired food. A change of food may lead to modification of denti- 
tion. the muscles of mastication, and the organs of digestion and, 
correlatively. of other organs or parts of the body ; the modification, 
however, arising simultaneou''ly among all the descendants of the in- 
dividuals thus driven to a change of diet, instead of appearing first in 
a single individual and becoming perpetuated in its descendants alone. 
Entomologists have found that, among insects of the same, species, 
the forced or voluntary use of different food plants gives rise to modi- 
fications of color and stiaicture, and hence result in what have been 
termed phytophagic varieties or sulispecies. and that man can also 
effect stich changes at will by simply changing the food of the species. 
Again, the geological character of a country i'- well knmvn to have a 
marked eff'et-t u[)on the size and color of animals inhabiting it. as is 
strikingly illustrated among molluscous animals, whose abundance, 
and even presence, is largely dependent tipon the constituents of the 
soil. Over regions of the United States, for example, where the un- 
derlying rock is iioncalcareous the species are both few in number 
and sparsely rejn'cscnted, while in other regions, where limestone 
abounds but which are in other respects essentially the same, the 
species are far more numerous and far more abundantly represented. 
In respect to the fresh-water mussels, those of the same species from 
different streams are easily distinguishable by differences in the thick- 
ness of the shell, in color, shape, and ornamentation, so that the 
character of the shells themselves affords a clew to the locality of their 
origin. At some localities the species tend to become tuberculous 
or Spinous, this being particularly the ca.se toward the southward; at 
other localities they awpiire a very much thickened shell, or different 
colors, the same characteristics appearing simultaneously in quite 
diverse species, and thus becoming distinctive of particular localities. 
In regard to mammals, measurements of large series of the skulls of 
minks, martens, squirrel', and other native species diow that the 
representative^ of these species living in northern Xew England and 
northeastern Xeiv York are smaller than the rejn'esentatives of the 
same species occurring in the limestone districts of Pennsylvania and 
the States more to the westivard. and the same is true of the different 
kinds of domestic cattle. This is in opposition to the law of decrease 
in size southward that elsewhere and generallv characterizes these 
same species, and seems obviously related to the geological character 
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of the country at these localities: small size, in oppt^sitiou to a general 
law. occurring over northern noncalcareotis districts, and larger size 
more to the southward, where the underlying rock is limestone. In 
this case the dilference obviously results from the direct action of the 
conditions of habitat upon everi' individual rather than from " slow!}' 
effected changes” originating in “only a few of the inhabitants” of 
these respective districts. 

I"se and disuse of organs, through changes of habit resulting from 
changed conditions of environment, must result in some moditication 
of the organ involved. As an exanij)le may doubtless be cited the 
passerine birds of some of the smaller, remotely situated islands, as 
the Guadeloupe and Galapagos groups, where recent investigations 
liave shown that most of the S2)ecics differ similarly in several features 
Iroin their nearest allies of the mainland, and of which they are 
unquestionably insular forms. These differences consist in the 
greater size of the bill, shorter wings, longt-r tails, and darker colors. 
The sedentary life necessitated by the <-onfined habitats of species 
thus situated would naturally act more or less strongly on the organs 
of flight, and a reduction in the size of the wing would follow, not 
necessarily through the roumlabout process of natural selection, 
through the modification originally of a single individual, but by the 
direct action on all the individuals alike of the changed ct)nditions of 
life. 

It is doubtless unnecessary to further multiply examples of the 
moditication of animals by the direct action of the conditions of life. 
The subject is one that can be but imperfectly treated at best in a 
short })a})er like the present. The illustrations have here been drawn 
from a limited geograjffiical field and mainly from among the two 
higher classes of vertebrates. Thei’e are. however, abundant iiulica- 
lions that other fields and other classes woidd yield results ecjuallv 
confirmatory of the direct action of jffiysical conditions in the evolu- 
tion of s2)ecific forms among animals and j:)lants. Changes in en- 
vironing conditions will, however, go but a short way toward ex]jlain- 
ing the origin of the great diversity of structure anioiig existing 
organisms: the character of the food.halnt. or the increased use or the 
disuse of jiarticular organs may explain many of the modifications, 
leaving a large share of the work to as yet unknown causes. Natural 
selection, as sometimes defined, is made to cover all causes of dif- 
ferentiation. it being stated by ilr. Darwin himself that if organic 
beings undergo modification through changes in their conditions of 
life “ uniformity of character can be given to their modified ortsju'ing 
solely by natural seh'ction preserving similar favoi-able variations.” 
In its strict sen-e. \ariation by natural selection results only through 
favorable dift'enmces appearing at first in single isolated individuals, 
which traiisinit these favorable qualities to their offspriiiii'. in virtue 
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(if which they innltiply till they ontniiniher, crowd ont. and finally 
ilestroy the less-favored form from which they originated. 

It is hardly conceivable, for example, how the pecnliar structure 
seen in the woodpecker, the kingfisher, the swift, the heron, or the 
duck, or the peculiar dentition and correlated characders of the 
roihmts. the ruminants, or the shri'ws and moh^s. as compared with 
the Carnivora, can have been initiated by the direct action of climatic 
conditions, howeier much other conditions of environment may have 
favon'd the development of tlu*se diveise types. 

Having thus far mainly detailed merely facts and coincidences 
relating to the subject of variation with locality, it may be well in 
conclusion to consider more fully some of the possible or probable 
causes of purely geographical variation. In regard to geographical 
variation in color, it seems evident that high temperature, conjoined 
with moisture, favors increase of color, and especially the ac(iiusition 
of lustrous tints, while moisture alone favors sim])ly increase in dt'pth 
or the production of dull, heavy, and especially fusc()us phases of 
coloration: on the other hand, that aridity and (‘xposiire favor the 
loss of color. Tlie latter is due ajtparently no less to the influence of a 
dry and often intensely heatc'd atmos]»here than to the diiwt action 
of light intensified by the reflection of the sun's rays from almost 
verdureless sands. That the latter conditions act jtowerfully in 
lilanching color there is most abundant proof. Hence we have the 
necessary correlation of increase of bright rich tints of coloration 
with the increase of atmospheric humidity. In respect to the enlarge- 
ment of ])eripheral parts at the southward, it is oljvious that a high 
temperature favors the more rapid circulation of the blood in these 
parts, while, as is well known, a low temperature produces the oppo- 
site effect and necessarily retards their development. 

lA ith the decrease in size among l)irds. there has been observed a 
decrease of vivacity and deterioration of .song, which may reasonably 
be attributed to the enervating iTifiueuce of a high temperature. 
Since the northern types of animals reach their highest physical 
development toward the northward, it s(*ems fair to suppose that 
decrease in size southward may be directly due to the enfeebling 
influences of increase of temperature, since certainly it can not be 
attributed, in the majority of cases at l(?ast, to greater scarcitv of .• 
food, for in many instances just the reverse olhains. This supposi- 
tion is in accordance with the known effects of similar climatic con- 
ditioiK upon the northern races of man. which reach their greatest 
vi^or and highest intellectual status under temperate conditions of 
climate, and deteriorate, both physically and mentally, on removing 
to intertropical regions. Again, the mammals and birds of the 
United States reach their maximum size within the United States 
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under the stimulatinc climate of the region drained by the upper 
Mississijipi and uppcT Missouri j-ivers, being, as a rule, larger here 
than in c()rresj)onding latitudes more to tlie eastward. The decrease 
in size toward both the northern and southern borders of the habitat 
of a given specie^ or geinis, of which there are many marked in- 
stances. further shows that ^ize varies with the varying conditions 
of habitat and reaches the maximum oidy where the conditions are 
most favorable to the life of the s})ecies. 

iNIuch has betui written i-especting the influence of climate on man, 
and many speculations have been indulged in in relation to the part 
the conditions of life have taken in bringing about the diversity at 
jiresent existing among the different races. A striking parallelism 
is often ol)scrvable lietweon the leading features of geographical 
variation among animals and the physical dilferences that obtain 
among nations or races of men inhabiting the same areas and snb- 
jecti'd to the same influences. While civilized man is. in a measure, 
less the subject of such influences than the lower animals, he is not 
wholly abov(‘ them. Certain regions more favor both jfliysical and 
intellectual develoitment than others, and these prove to be, as would 
be ('xiH'cted. tlu' milder temperate portions of the globe, where the 
.struggle for a mere vegetative existence is reduced to a minimum. 

The influence of ditferent climatic conditions tipon members of the 
same nationality find exemplitieation in different parts of our own 
country, and are so obvious as to be the subject of frequent obser- • 
vation and comment. The same original stock is found to gradually 
develop certain ix'culiar physical and mental characteristics when 
placed under diverse conditions of climate, certain localities more fa- 
voring intellectual growth and activity than others, just as certain 
regions are characterized by the fre(iuent occurrence of particular dis- 
eases which in other regions are exceptional. 'While humidity and a 
high temperature, when combined, are found to be enervating and de- 
teriorating. a clear, dry atmosphere favors vigor of both mind and 
body. But the subject of the influence of climatic conditions upon 
man is too vast to be entered upon in detail in the present connection. 
The study of man from a geographical standpoint, or with special ref- 
erence to conditions of environment, offers a most important and fruit- 
ful field of research, which, it is to be hoped, will soon receive a more 
careful attention than has as yet been given it. 

In conclusion, a few words seem calhal for concerning the ques- 
tion. "What is a species ! as well as in respetl to the bearing of the 
general facts above detailed ujion the evolution of specific forms. 

As is well known. tlu> belief that species were distinct and immut- 
able creations was long the prevailing one among naturalists. Yet 
the question of what constitutes a species is one about which endless 
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ilih( n»ioiis have ari"^*’!!. and one respecting: which the most discordant 
o])inions inn'c been lield l)y naturalists efpnilly eminent in their re- 
spective fields of research. The amount and kind of ditference neces- 
sary to cliaracterize a species lias been variously defined: forms that 
some have con-idered as specific others have repirded as merely varie- 
ties. and the reverse. In certain jrroups of oroanisins intermediate 
forms have ht'cn constantly met with, constituting' steps of easy int(‘r- 
gradatloii between (jiiite diverse types. Such forms have been and still 
are held by some writer' as A'arieties of a singh' species and by others 
as constituting a gianip (genus or subgciuisf of distinct but nearly 
related s|)eeies. Through thi' frequent discovery of such intergrada- 
tions. however, the instability of so-called " species " has been made 
manifest and the contrary doctrine of the stability or fixity (jf s[)ecies 
refuted. Indeed, naturalists now generally agree that tlu* tmaus 

variety." " sp('cies." " genus." “ subgt'nus," " family." subfamily.’’ 

sujjerfamily. ' and the like, art* but conventional and more or 
less ai’bitrarv designations for ditf(>rent ilegret's of differentiation — 
conv(>nit‘nt formula' for the expression of g(>neral facts in biology. 
Xot a few high authoi'ities even maintain that the ditfereiices which 
characterize these several groups are of the same nature, differing 
only in degret*. in op[)osition to otlu'rs who hold that they are based 
on different categories of structure, or on difft'reuces of I’iiid rather 
than of degree. The falsity of the lattt'r view is shown more and 
.more clearly vith the increase of our knowledge of the structure and 
affinities of animals. 

IVhile formerly species -^vere considered as necessarily characterized 
either by differences of a [)articular kind. (»r by a certain amount of 
difference, the ])resent temh'ncy is to n'gard neithi'r as a sufficient 
criterion, the test of siiecific diversity being merely absence of inter- 
gradation. in other words, breaks in the continuity of closely allied 
beings. Local races, or geographical forms, are thrown together 
under one sjx'cific (h'-ignation whenever they are found to intergrade, 
however diverse may be +heir extreme phases of ditferentiation. The 
term sjjecies is now made t(j cover groups w hich wei'e, not many years 
since. fre(iuently regarded as subgenera, or evi'ii genera, the forms 
then supposed, in numberless instances, to be “ good species." now 
ranking mendy as subspecies. The reduction in the number of 
species has necessarily entailed a considerable reduction in the number 
of curi'cntly accej)ted gi'iK'ra. which in turn are limited by hiati rather 
than by any given amount or particular kind of dith'reuce. It was 
formerly urged against the theory of evolution that its advocates 
could ])oint to no instance of the gradual change of oiu* species into 
another, and that, until this was done, the theorv was untenable. 
Among the spe(-i(>s of North American vertebrates recognized as valid 
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ten years ago. hundreds of instances can now be cited of thoroughly 
proven intergradation, forms then regarded as unquestionable species 
being found to be but connected phases of one and the same specific 
type, which assumes, at remote localities, under the evident action of 
climatic agencies, phases widely diverse, which gradually merge the 
one into the other through the individuals inhabiting the intervening 
districts. So long as species are based on the absence of intergrada- 
tion. and biologists have found no other satisfactory criterkm for 
their limitation, there can of course be no passage of one species into 
another. Let. however, some of the connecting liidts bect)me extinct, 
and the^e now intergi'ading forms would be resolved into distinct 
spc'cies. In this way insular and other local forms are passing beyond 
the so-called varic'tal stage, and species are similarly tending to gen- 
eric distinctness, d’hat varieties may and do arise by the ai'tion of 
climatic influences, and jtass on to become species, and that species 
become, in like manner, ditferentiated into genera, is alnindantly indi- 
cated l)y the facts of geographical distribution and the obvious rela- 
tion of local forms to th(‘ conditions of environment. The jiresent 
more or less unstable condition of the circumstances surrounding 
organic beings, together with the known mutations of climate our 
planet has undergone in jtast geological ages, points clearly to the 
agmicv of physical conditions as one of the chief factors in the evolu- 
tion of new forms of life. So long as the environing conditions re- 
main stable, just so long will jiernuinency of character be maintained; 
but let changes occur, howetau- gradual or minute, and differentiation 
begins. If too sudden or too great, extinction of many forms must 
restdt. giving rise to breaks in the chain of genetically connected 
organisms. In the d(‘ep abysses of the sea, where the temperature is 
low and stable, where the conditions of life must have remained al- 
most unvaried since the (‘arly geological periods, the same low organ- 
isms still exist that were tlu' jrrevailing forms of life when life first 
dawned upon the earth. The recent explorations of the depths of the 
sea have gone far to prove that stability of organic forms is in 
ilirect ratio to the stability of the conditions of existence, while the 
facts of geographical distribution show that change of structure and 
diversity of life are directly related to the physical conditions of 
habitat. 


Note. — Diu'iiicr tlio tweiity-iiiiie years that have passed since the original pub- 
lication of tliis article great advances have been made in our knowledge of the 
maninials and birds of North Aiueri<-a. to which this jiaper jiriinarily relates. 
Nearly every ]jart of the continent has since been e.xplored in great detail by 
well-trained colleitors. emiiloying new methods and greatl.v improved devices, 
especially for the capture of the smaller rodents and insectivores. which in 
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the earlier days jiroved so elusive. Witli the eonseqiient immense increase of 
material, of much Ijetter ijuality and from iniiumerahle localities, the point of 
view in retail’d to spe<'ies and sub-species has ijreatly chaiuied. re.sulting in 
clianges of iiomeucl.ature. Aside from tile technical names there is little in 
tlie article tliat I should modify were it to l>e now rewritten. All tliat it con- 
tains concerning g(‘ogra])hic and climatic variation, and the influence of physical 
conditions in tlie genesis of species and sul)species, is still satisfactory. Iii the 
jiresent rejirint. the only clianges found reall.v desiralde consist in tlie correc- 
tion of a few ty]iographical errors, and modifications here and there of technical 
names, to liriug them more nearly in harmon.v with jiresent nomeni-lature. 
These changes are for till' most made in footnotes or liy words inserted in 
lirackets. 

J. A. Allen. 

.Lmekica.n Museum of Natural IIistorv. 

Yen' York City, Fchruury 1, 1906. 
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By Thkouoiek (Jill. 


The belief long prevailed that fishes are indifferent to their eggs 
and young and leave them entirely to the care of Mother Nature. 
One who was more excellent as a man of letters than as a naturalist, 
but who wrote, nevertheless, a very readable work on Animated 
Nature, expressed the general belief once dominant. Oliver Gold- 
smith, in 1774. told his readers tliat “ fishes seem, all except the whale 
kind, entirely divested of those parental solicitudes wliich so strongly 
mark the manners of the more perfect terrestrial animals." “ Many 
to the present time entertain that lielief. 

More than a score of centnri(*s IxTore Goldsmith, however, the 
greatest naturalist of aiiti<iuity, Aristotle, told of a kind of fish, 
inhabiting the largest river of Grc'ece, the ilacedonian Achelous, 
which, in the person of the male parent, exerted the greatest care of 
both ('ggs and young. That account, however, was overlooked or 
neglected, and even regarded with skepticism and as fabulous. The 
strange history of that fish — known to Aristotle as the glanis — will 
be told at length in later pages of this article. Its truthfulness has 
been vouched for. not by later observers of itself, but by studies of 
related fishes having analogous habits in a quarter of the world 
unknown to and undreamed of by Aristotle. Although the most 
detailed history of any fish by any ancient writer is connected with 
it in the philosopher's History of Animals [Uepi Zaooov {ffropiag 
J3i/3\ia), no reference to it appears in any modern popular work. 

Many important details respecting the life histories and parental 
care of a largo number of other fishes have been published from time 
to time and may be found in the publications of various societies or 

“Many years before Goldsinitli wrote, Linnneus (1T.5S) had recognized the 
imuassible gap between true fishes and cetaceans and combined the latter 
and the viviparous hairy iiuadrupeils in the class of mammals, but tJoldsmith 
urged that. ‘•Although all our modern naturalists have fairly excluded them 
from the finny tribes, and will have them called, not fishes, but i/rciit l>cu><tts of 
the oreun,” "yet, notwithstanding iihilosophers, mankind will always have their 
own way of talking; and for my part," continues (Joidsmith, “ I think them here 
in the right.” This thought indicates how little of a naturalist Goldsmith really 
was. 
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Other 2)Priodica]s. but such are closed books to most persons. Any- 
one who looks for information in the jJoitnlar works on natural his- 
tory of the day must inevitably be disaititointed at the meagerness 
of the information given. Even in the voluminous German work, 
so well known as lirehm's Tierlel)en, the information is meager for 
almost all fishes, and esjDecially meager for American forms. The 
sources of knowledge have not been discovered by the comjtilers of 
such works, but he who might judge from the jtaucity of data that 
no others could be found would bo miicb deceived. To uncover some 
of the interesting details hidden in comparatively little known journals 
and other works is the object of the present article, which is devoted to 
the record of facts about the mating and breeding habits of some among 
many remarkable species. It is hoped that the information given may 
indicate jjoints to l)e observed in the history and economy of other 
sjiecies. as well as of those already noticed. There is. indeed, an ur- 
gent call fur corroboration and amplification of most of the his- 
tories given, as well as for discovery of the natural history of other 
species. 

The species which manifest care for their young are so numerous 
that the jtresent article must be restricted to those which are inhabit- 
ants of fresh water. Such are better known than the marine forms, 
as they are more (ntsily obscn-ved and within the range of observation 
of a more numerous population. Considerable is known, however, 
of the habits of many of the dwellers in salt water. Parental care 
has been especially observed in the marine pipefishes, sea-horses, 
Pegasids. Solenostomids, Sparids (e. g.. CidJuD'uis) . Labrids (Wras- 
ses). toad fishes, gobies, blennies. scidpins or Cottids, lumitfishes, 
Gobiesocids, etc. Doubtless analogous care Avill be found to be exer- 
cised by many more when fishes shall have been more thoroughly 
studied. 

Naturallv the most common or freiiuent mode of care is the sim- 
plest. consisting of little more than selection of a site for the deposit 
of the female's eggs and subsequent guardianshij:) of those egg< by 
the male. The concomitants of such selection are various. In the 
case of the American sunfishes. black basses, and craitpies. the place 
selected is cleared of stones and weeds, and in the cleared places the 
eggs are laid. Some of the sunfish-like Cichlids and the Xorth 
American catfishes. as well as the Grecian glanis. exercise similar 
means with slight modifications. Another kind of catfish, living in 
North Australia (Queensland), lays her egg- in the center of a se- 
lected area of a river be<l. and. after having fertilized them, the fish 
accumulates stones from the surrounding area and jiiles them in a 
h.eaji over the eggs. Other modifications of a general plan ap^tear 
to be executed l)v other fishes, but the detail' remain to be investi- 
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Oral gestation or carriage of eggs wi+hin the mouth of the parent 
fish is practiced in a number of unrelated species. In Siluroid cat- 
fishes it is associated with enlarged size of the eggs, as in most Tachi- 
surines and one of the Pimelodines {Conorhyncltos) , and is confined 
to the males. The Malapteruroid, or electric catfish, is also said to he 
an oral ogg carrier. In other fishes the eggs of the egg carriers are 
not essentially different from those of normal habits, and many 
related species do not have the peculiarity.'’ Such egg carriers, are 
t’ichlids of America ((reophaf/ufi) and of Africa {TUapiu. Trophem., 
Ectodus. etc.), as ivell as species of the marine genus Clillod/ptenis, 
one of the Apogonids. 

It is especially noteworthy that among the Cichlids are exceptions 
to the rule that the care taker is a male. In several cases it has been 
verified that the egg carrier is a female and presumably, of course, 
the layer of the eggs. From evidence so far accumulated it would 
seem that the sex of the care taker is coincident with sjiecific char- 
acters, and that when the care taker is a female the male is not. At 
least, in a recent article ( L'incubation buccale chez le TUnp'ia ipdilaea 
Art(‘di, 1!H)4). ,1. Pellegrin showed that all four individuals of the 
species examined which had eggs in the mouth were females, and he 
could find no male egg carriers, lioulenger previously had found 
eggs in the mouths of females only of Tihtpia n'dothd and other 
Cichlids of the genera Erfodnx. I'rop/ici/s-. and Pel mafocliromix. On 
the other hand, the sex of the egg carrier of Tilapki phihnuler was 
determined by so eompetent an authoritv as A. (Tiinther to be male. 
Further. Lort(>t named a Cichlid Tilapiti patt’rftimdh/!^. which was 
declared by Pellegrin to be specifically identical with T'dapna 
EinionU. Lortet gave his name, iHX'ause he considered the egg carrier 
to be the male, while I’ellegrin confirmed., by dissection, the sex of a 
specimen of the same species to be female. Evidently, then, there is 
necessity for further observations as to the sex of the egg carriers of 
African, as well as the American. C’ichlids.*' 

" The e.ijKs of some of the ovigerous Cichlids are very large. According to 
Boulenger (T. Z. S.. XV, 18). “ the mouth and idiarynx of" a female Tropheux 
moorii contained "four eggs of very large size, the vitelline sphere measuring 
4 millimetres in diameter, witli an end)ryo in an advanced stage of develop- 
ment. The eggs of tlie fifteen-spined Stickeback, liitherto regarded as the 
largest Teleostean egg in pro[)ortion to the size of the animal, measures only 
'3 millimetres in diameter." The egg-carrying Tropheux was onl.v about 4 inches 
long. 

6 The above remarks are left just as they were iirinted. hut on the same 
day as the proof of this article was received from the printing office a " Fourth 
Contribution to the Ichthyology of Lake Tanganyika." by G. A. Boulenger. 
fresh from the press, was also received, containing the much-needed " further 
observations." Doctor Boulenger records that Doctor ('nnnington. the latest 
e.vplorer ot the ichthyology of the lake, had been " so fortunate as to con- 
siderably extend the list of Cichlid fishes in which the parents protect their 
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One of the most singular devices for protection of the eggs is the 
formation of bubbles of air 'rendered tenacious by a viscous secre- 
tion of the mouth. This might seem to be so specialized a method 
that there would be no independent repetition by representatives of 
a veri’ different group. In fact, however, the method, or an analo- 
gous one, has originated anev,- time and time again. It is manifest, 
so far as known, in its simplest form in the fish-of-paradise {2Iaero- 
-podus rmdi-auratns) . which makes a floating nest of a mere con- 
glomeration of bubbles, but other species of the same family (Osphro- 
inenids) evolve nidamental receptacles little more complicated, and 
among them is the celebrated (Touraini. The nests earliest described, 
in which air bubbles formed an essential element, were those of 
Hassars (Callichthyids of the genus Iloplostcnunn) , but in them 
the air or froth " was used in combination with vegetable material 
(‘•fallen leaves or grass"). The large floating nest of the African 
Gyninnrrhiis, recently described by Budget!, may. perhaps, be partly 
buoyed up by aeriform secretions. The future investigation of the 
structures involved in the secretion of such bubbles will undoubtedly 
yield most interesting results. 

More specialized than any of the methods of parental care herein- 
before noticed is one manifested by certain American fishes. Those 
fishes are of a family named Aspredinids, peculiar to the fresh 
waters of South America and distantly — and very distantly — related 
to the catfishes of the north. In them it is the female that assumes 
charge of the eggs, and she does it in a strange and truly character- 
istic manner. After the eggs have been discharged from the ovaries 
(and presumably after they have been fertilized), the mother presses 
her belly and breast over them and they become attached thereto; 
then the areas of attachment of the skin become elevated into cupules 
round the eggs, like the cups of acorns round the nuts, and not only 
so, but strangidation ensues between each cupule and the general 
skin of the belly, so that the eggs and cupules are borne upon stalks 
or peduncles, and so they remain till the eggs are hatched and the 

offspring by giving them shelter in the inoutli and pharynx. This mode of 
nursing is illustrated " by examples of seven additional species of six genera. 
“The natives" round the lake “say it is always the female, in the cases where 
one of the parents takes the eggs in the mouth." that is the carrier. This 
belief has now been confirmed by Bonienger for no less than ten Afrii-an 
genera : in fact, whenever he had been able to test the sex of the egg carrier 
it was “ invariably the female who thus carries the eggs. This was in con- 
tradiction to statements made by Lortet and by Giinther. who ascribed the 
habit to the male in the species of the same genus with which they had dealt." 
Of course it is easy enough to tell by disse<‘tion whether a fish is a male or a 
female, and the authors in (jnestion probably neglected to take the proper 
means to ascertain the sex. but took it for granted that the nurse was a male. 
See for further data the paragraphs ou the Cichlids hereafter. — October 25, 
1906. 
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embryos leave, after which the skin returns to its former condition. 
The only analogue to this occurs in certain anurous liatrachians, but 
in such in a less specialized condition and on the back. 

The most sjiecialized of all the care takers are the sticklebacks, or 
Gasterosteids. These have an important organ (the kidney and its 
adjuncts) especially modified histologically to yield a thread analo- 
gous to that developed by spiders and used for binding the objects 
selected for a nest. So far as known none of the related fishes has 
the same structural peculiarity, but it is quite possible, if not prob- 
able, that their nearest relatives of the North Pacific — the Aulo- 
rhynchids — may have a similar history. It is scarcely within the 
range of possibility that an analogous structure like this should have 
lieen independently tleveloped a second time in unrelated fishes. 

One remarkable, and to some astonishing, fact is the want of corre- 
lation that may sometimes (‘xist Avithin a natural family between 
structural features and habits. This is strikingly manifest in the 
tyiiical catfishes or Silurids. Neither of the parents of the well- 
known Avels of central and western Europe ajipears to care for eggs 
or young, but the male of its near relation of Macedonia — the 
glanis — assumes a special charge of his consort's labor. Opposite 
ways of making their nests are practiced by the North American cat- 
fishes on one hand and certain Australian ones on the other. En- 
largement of the eggs is manifested in another group and is associated 
Avith their reception and carriage by the male in his mouth. 

In the last Englisli work on fishes, the Cambridge Natural His- 
tory," it is declared that, “.Avith the exception of the pelagic Atden- 
Avhich builds its nest in the sargasso Aveed in mid-ocean, 
nest building ami parental solicitude for tbe young are confined to 
fresh Avater fishes and to marine forms Avith demersal eggs. Pelagic 
oA'a must necessarily be beyond tbe scope of parental care." The 
so-called Aiitetmarhis is no exception; the species meant is not a 
true Aiitciinai'iKK^ but belongs to a distinct tbough related genus — 
Ptcrophrync. Its history is a truly remarkable one and it has been 
more Avidely noticed as a nest-building fish than any other except 
the GddfroxtchJ.s. In truth. hoAvever, it does not build a nest at all. 
The AA’hole story is the residt of a misidentification of the eggs of a 
fish. In 1S72. the celebrated naturalist. Prof. Louis Agassiz, attrib- 
uted egg-bearing masses of gulf AA'eed (sargassum), Avhich he found 
in the gulf stream, to the Vievoplii'yue Avhich Avas abundantly asso- 
ciated Avith them. His equally able son. Dr. Alexander Agassiz, 
a decade later (188-2), made knoAvn the remarkalile egg raft AA'hich 
floated the eggs of a relative of the Ptcrophnjnc — the angler 
{Lophiits pixc(dorids) . This discoA-ery may haA-e led to thought, but 


“Cambridge Natural History, Vol. VII, p. 414 (1904). 
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did not discredit the earlier identification." In 1905. however. Dr. 
E. IV. (xudg'er and Dr. Hugh Smith both caught females of Ftero- 
plifipie in the act of emission of egg rafts like that of the angler. 
Of course the parent of such eggs and egg rafts could not be the maker 
of the nests attributed to the Pteropli rjinc. W hat tish. then, was the 
maker of the nests? The (>nly eggs like those found in the nests 
are those of some flying fishes ( Exoccetids) . IVe are forced, there- 
fore. to assume that a flying fish had laid her eggs on a frond of the 
sargassum, and that they had been fertilize<l Iw the male. These 
eggs have bipolar bunches of very long filamentary tendrils, and 
such have mechanically grasped and brought together the finely 
divided branches of the sarga'-sum, with the result that subalobular 
masses have been formed in which the eggs are protected. They 



Fig. 1. — Alleged nest of Pfetophi ifne. Aftor A. Agassiz. 


answer every jnirpose of a nest, but are they iiests? If so considered 
we must admit that the eggs and not the fish make a nest ! 

Some of the fishes to l)e noticed in the following pages have the 
males gaudily colored and larger than the females. The relations of 
the sexes to each other with regard to color and size are noteworthy, 
inasmuch as they have been generally misunderstood. One eminent 
ichthyologist ("Doctor Giinther). in an Introduction to the study of 
fishes ' (p. ti56), dogmatically declared that "with I’egard to size, 
it appears that in all teleosteous fishes the female is larger than the 
male, and Darwin was assured by him that he did " not know a sin- 

" As I’rofessui' Agassiz did not iiotii-e any filaments on bis eggs. 1 tbougbt 
it possitile that some real eggs of a Pfrriiiiririiur may liave drifted on tiie out- 
side of an egg mass, tint Doctor Agassiz kindly sent me a ronple of eggs from 
till' outside and they jiroved to have bipolar filaments and eouse(]ueutly to 
be eggs of flying fishes. 
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gle iiiPtance in which the male i-; larger than the female." “ Yet in 
the very chapter containing this assertion Darwin represents three 
species of fishes selected by Giinther in which males are figured of 
larger size than females: they are named C (ilVioh\jnuif< hjra (fig. 29), 
Xipliop/(orn.s hellf-rl (fig. HO), and Plftoxfomux hni'lxittix (fig. 31). 
These species, be it remarked, have the sexes trenchantly differen- 
tiated. the males in two cases being marked by a superior brilliancy 
of coloration and exuberance of fins and in the other ( Ph‘ci/xti)rnnx) liy 
a bristly armature of the head. The instances of increased size of 
the male are, in fact, numerous; in almost all cases when the males 
are decidedly differentiated from the females by brilliancy of color 
or other secondary characters the rule is that they arc larger than the 
females. Like other rules, this may he subject to exceiitions, but the 
rule is based on extensive observations. A couple of figures made 



Fics. L’. '-'y.-- iK-i-nU u 

simply to illustrate sexual differences for ^Ir. C. Tate Regan's Mono- 
graph of the Loricarioid Catfishes of America and reproduced here 
exemplify the rule. Of a kindred species, Pxcxdane/strn.'i hnPjcifusJ' 
the sexes are illustrated in Darwin's work. 

During the consideration of the social economy of these fishes the 
question must often recur. Hoav did the parental instinct manifested 
originate? It was easy enough in olden time to give an answer 
which would be regarded as all sufficient in those days: it was a spe- 
cific instinct implanted by an omni])otent creator in every case. In 
these days of evolutionary belief, however, such an answer is equiva- 
lent to no answer. The instinct must he ri'garded as a development 
of an aiititude inherent in the fish itself. 

« Darwin. The Descent of Man. N. Y.. 1.S.S1. p. a::."!. 
i Plci-ostonuix hii rhut iix Giinther. Darwin; Aiicistnix Ijiirbtit ii'i, Ite^au. 
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Probalily few naturalists or psychologists will he prepared to con- 
cede the possession of a switiment of anti^-el^i^h altruism by any of 
these lowly forms. The attrihiite of parental care must therefore be 
regarded as an outcome of seltishness. or. if yon will, self-love," a re- 
sult of the sense of proprietorship. The eggs are the fish's own, and 
therefore they and the resulting larvie are to l)e cared for as such. 
Perhaps it may be urged that the attention of the parental fishes is 
of the same nature as that of the hen to her young. ITe are not pre- 
pared to deny it. It may even he conceded, and yet the claim that 
the sentiment is the offspring of self-love can still be maintained. In 
fact, there is a regular gradation of self-love into the ennobled senti- 
ment which impels the human mother to sacrifice her life cheerfully 
for her child ami the degraded jjassion which embuldeiis the miser to 




Figs, 4, — An< if'tt rhm/fist. After 

sntfor (loath rather tlian ]o^(^ h/s o*ol(h It tho liasi^ of the* ronrap;o 
of the farseeing martyr for his religion, for he is willing to sacrifice 
the present for an illimitable future. 

II onder may be entertained that one and the same method of care 
should have originated imh'peiidently many times, but this will di- 
minish on reflection. II hen the sense of proprietoi-'hip in the eggs 
has been established protection by hiding them or clearing away of 
foreign substances that would interfere with them would not un- 
naturally follow. The mouth is U'-ed by many fishes for carrying, 
and the instinct to take up the eggs into the mouth for jirotection 
would be a natural consequence which might be. and re])eatedly has 

“See \\ Imtely's Morals ;ui(t Christian Kviilences, XVI, sec. (Am. eil.. ISoT, 
p. 1291 ; Ward's Dynamic Sioelology, I, ilTh. 
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been, developed into a habit. I'hese and other provisions for the 
rare of the e<>os do not niak(‘ excessive demands on i)ur receptive 
capacity or iniaoination. It is only wIk'ii we coii'-ider the case of the 
sticklebacks tliat the combination of aiititiide" for lU'st makinii im- 
jiresses ns. In them complexity is carried to an extreme. There is 
a sympathetic deiadopment of tin* kidneys and tlie testes: then' is the 
synchronous resjjonse of both to external stimuli: tliere is the reaction 
of both on tlie l)rain and of the brain to ('xternal conditions: there 
is tlie elaboration of the womh'rfnl thread which is used to biiiil the 
nest materials: there is the instinct to use the thread: there are. 
finally, the reu'iilar aptitudes and impulses whicli are shan'd with the 
majority of fishes. Such an accumulation and converii'ence of struc- 
tural, physiological, and jisycholoifical characters almost force upon 
us a n'jection, as (>xplanation, of natural selection or si'xual selection. 
The development manifested in the (lasierosteids is. indei'd. one of 
the o'fi'atc'st wonders of the evolution of animal life. Nevei'theh'ss. 
it may not seem so (‘xtraordinary if we extend our researches beyond 
the class to which they beloii". 

Naturally tlu* elaboration for the perpetuation of the sjiecies in the 
(dasterosteitls is uuiiiue in the class of fishes, but there is to some 
e.xtent an analogous provision, although not so complicated, for the 
animal economy in certain other classes, as in the case of the webs 
of most spiders and the cocoons of soinc insects, as notably the silk- 
worms. Molhisks ami Annelids fnridsh other illustrations. Of 
course in those cases tlu' analogous secretions are not produced bv 
homologous organs, but by very different ones. I'ci-y ditferent from 
each other as well as from those of the sticklebacks. 

As this artich' is intended to summarize existing knowledge re- 
specting the breeding habits of some of the fishes in question, the 
original words in which the facts are recorded are given in most 
cases — in fact, wherew'r it could be done Avithout interfen'iice Aviththe 
mode of treatment or se([uence adopted for the narration. The text. 
hoAvcA'cr. is by no means confiiu'd to information respecting the nests 
and breeding habits. Most of the species are little knoAvn or even quite 
unknoAvn to many persons and yet ai-e A'ery interesting for other 
reasons than their parental instincts. (Mnsrtjuently quite (h'tailed 
accounts of tlu'ir habits in general as Avell as their places in nature 
are added. The illustrations are mostly borrow(>d and are deriA'ed 
from A-arious sources, as Avill be indicated in connection Avith the 
respectiA'c figures. Among the original illustrations are those of a 
fish longest knoAvn — the Glanis of the ancient (dreeks. never before 
figured. 
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rilE DIPXOAXS. 

In and confined to tin* Southern Heini^plK're are three very pecu- 
liar type*, of aquatic animal life. One from South America was first 
des(Til)ed in isMt; as a reptih* related to tin* siren of the north and 
named Lv [Hdos'ivcn : another, from Africa, not long after (1841). was 
made known as a true fish, and on account of its -simple and sup- 
posedly primitive fadiion of limbs styled P roto ptc rux. For a long 
time it was a matter of dispute between naturalists whether the two 
vere reptiles or fishes, and no r(*lationship was recognized bi*tween 
them and anv other forms, recent or fossil. At last, in Australia, 
ill 1870, was discoveri'd the third Itqie, and then it became evident 
that not only had they all relatives in the past, but all their relatives 
were of the past, and the V(*ry distant past. The* most recent of 
those extinct forms, so fur as known, li\ed not only in old Eiiroiie and 
America, but also in Africa, Asia, and Australia. They enjoyed a 
world-wide distribution during the Jurassic ]ieriod and thus early in 
geological history di'apjieared from the surface of the (>arth. Some, 
of course, must have sur\i\ed to transmit their blood and likeness to 



their living re]ativ<*s, but their fossil n*mains have not yet been 
found. There is an extraordinary gap between the oldest of the 
living types (of very late 4'(*rtiary age) and the hosts that once 
ranged over the globe. The three types are the Le piihitilrni of South 
-Vnierica. the P n dn ptrrus of Africa, and the Xcocerafodtit^ of Austra- 
lia. They and their distant relative, Ptd ij ptiriix. are immeasurably 
the neai'est of kin to the stock fi’om which alike fishes and reptiles 
originated. Tvo are remarkabh* for the jtrovision which they make 
for th<*ir eggs and young. It is most fitting, therefore, that they 
shoidd 1)(> the first to illustrati* parental care among fishes. 

The three gen(*ra an* noiv segregated into a grouji named Dipnoi 
or Dipneusti. and often called lung fishes, which has been variously 
estimated to he of subclass, ordinal, or even class value. Here the 
subclass valuation may lx* acce])t(*d as expressing best the taxonomic 
importance of the distinctive characters of the group. Among liv- 
ing fishes the oidy ones that ai'(* at all related to the Dipnoans are the 
Polypterids or Bichirs of Africa. These are the representatives of a 
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great gronji or subclass named Crossoptervgiaiis wliicli were cliarac- 
teristic or even predominant tidies of ancient times from the De- 
vonian to the Jurassic period. One of the most striking’ external 
features of the Crossopterygiaii' was the prolongation of the axes 
of the paired tins and the eonsecpient lateral or fringelike arrange- 
ment of the rays along the axes. It i- to this characteristic that the 
name crossopterygiaii (or fringe-tinned) alludes. 

During the same remote period in which the ancient Crossopterv- 
giaiis flourished lived also fishes so much like those forms that they 
vere confounded with them in the same group liv so good a naturalist 
as Huxley and by many others. 'They likewise had lobate jiaired 
fins, blit later it was found that instead of a distinct siispensorinm 
for the lower jaw there was no distinction between the siispensorial 
elements and the cranium, and that all formed one piece with which 
the lower jaw directly articulated. There were no distinct iiiiper 
jawbones. The heart of the living representatives has the same kind 
of antechamber as that of the Crossopterygians atthongh otherwise 
difl'erent. 

It was a long time before the facts thus epitomized became known 
and appri'ciated. J’he histories of the ancient forms and the recent 
ones were long told as those of beings entiridy unrelated. That of 
the living ones is as interesting as it is curious. 

Two very distinct families of Dipnoans an* represented in the 
modern world, one (Cerdftxlonfidx) confined to northern Australian 
rivers and the other (LcpidoxircnUls) common to South America 
and Africa. 

In 1S3G a great naturalist-collector. Johann Xatterer. discovered in 
the Amazon basin an animal of which he sent two specimens to the 
Imperial Austrian iMiiseum. and by the custoilian of the museum 
(Fitzinger) it was described as a rejitih' related to the A'orth Amer- 
ican S/n n and called Lrpdlox'iri n p<ir<i(lo-riix. Several years later 
(1841) Thomas Weir sent two specimens of another animal, taken 
from the Gambia Ilivei’. West Africa, to Ia)ndon. This species was 
described by Owen and considered to be a true fxli related to the eels 
and was at first called Prof opt crux niiiiccfciix. but later it was referred 
by its describe!’ to the same genus as the South American animal. 
Owen thought the trvo belonged to a peculiar "family'' and made 
“the nearest ajiproach in the class of fishes to the Perennibranchiate 
reptiles." In fac’t. none' of tin* old authoi’s had any real appreciation 
of the relations of either animal. 

Quite a wai’fare was cai’i’ied on for some time about the question 
whether the animals were reptiles { am])hibians ) or lidies. but long 
ago it was dec’ided in favor of the piscine relationship of the Lepido- 
sirenids. 
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^riie Cerdfndont'uh are a family of ancient lineage and. indeed, 
were for a long time siippobed to have died out in the early ^lesozoic 
period. 

In 1870, however, the startling intelligence was published that a 
living s 2 recies of L'erutodns had been discovered in Queensland. 
Th(' ske 2 )ticism with which this announcement was at first received 
was soon quieted by detailed examinations, conuDarisons, and descrij)- 
tions. It was later admitted that the living fish was indeed different 
generically from any early extinct species known (and named Xeo- 
rcrafnduK), but it was nearly related to the ancient members of the 
family. The family is of even greater interest and imjiortance than 
the Le^iidosirenids, but as the species is not a S 2 :)ecial caretaker of 
eggs or young, no notice of it is called for here and we jiass on at 
once to the Leiiidosirenids. 

THE LECinoSlREXIDS IX OEXERAL. 

The Lejiidosironids are mueli further removed from the ancient 
lung fishes than the Ceratodontids. and so far no extinct members 
have been discoi'ored. 

The shajie is anguilliform and the paired fins are reduced to little 
more than the stems, the rays being atrophied or lost. The teeth in 
number are the* same as in most of the order, a pair of palatine and 
jiair of vomerine teeth above and in opposition a corresponding pair 
of molar teeth in the lower jaw. The pneumatoccele is manifest in 
the form of a pair of entirely distinct lungs. 

In the living animals, according to Professor Lankester, the body 
is covered by " soft vascular connective tissue, in addition to a well- 
devehqied epithelium." and consequently ” no scales at all or jiarts 
of scales are visible on the surface of tlie body of a fresh or well-iire- 
served siiecimen." The scale-like areas which are " marked out on 
the surface of the body " are in fact lozenge-shaped areas “ outlined 
by the greater abundance along their margins of the large branching 
ifigment cells of the connective tissue, which overlies as a uniform and 
continuously flat layer the subjacent scales." 

I wo genera of Lepidosirenids arc re[iresented by living sjiccies — in 
Africa P raiopti rux^ with three known species, and in South America, 
Lepi(li>xtnti with one. Sujierficially they resemble each other so 
much that some have referred both to the same genus, but the ana- 
tomical ditferences are numerous and some of them striking. In 
Lephlnx'inii there are only four slits between the branchial arches, 
in P I'otaptenix five ; the scapular arch !< connected with the cranium 
in Lcpdlox'irfii only by a ligament, but in Protopti^mx tlu're is an 
osseous connection by a bone called the " sujiraclavicle." The body 
of Lf'pnliisiiin is aPo more slender than in Protoptvmix, the ventral 
fins farther back, and the dorsal fin considerably shorter. 
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THE PROTO PTERES. 

Of the three described the earliest known, Protopfenis 

antii'ctcii'S. ha^ the Avide^t I'ange. extending from the streams of trop- 
ical Africa, north of the Kongo basin, and from near the west coast 
to the Xile. Pintopfrrux atJi lopiciia is a species of the White Xile, 
and Pnitoptci-iix ihilloi of tlie Kongo River. The last is distin- 
guished for it^ slender body and many ribs (54) thus simidating the 
Le phJoPireu . 

I'he Rrotoptere> live mostly in shallow, mnddy Avaters or sAvamps 
Avhich aIi'v up during the i-ainkvs season. They spend most of the 
time at the bottom, and in an af|nariiim one may "seek the darkest 
corner " and squeeze itself " along one of the perpendicular angles 
of the case." .Vt length it Avill arouse itself from this lethargy and 
move about for exerci-e or foi‘ food. .T. G. Wood (18(13) aa’us " much 
struck Avith the t‘xceeding grace of its movements. Avhich indeed A'eiw 
strongly ri'semble those of the otter." During its progress " the 
peculiar screAvlike or spiral mA)vement of the limbs is Avell exhibited." 

The open air has to be resorted to more or less for respiration. 



ilcDonnell has recorded his experience Avith the fish. ‘‘At first it 
used to come to the surface for air every three to five minutes, and, 
taking it in Avith ojien mouth, sink from the surface; small bubbles 
then generally escaped from the gill apertures, and frequently, before 
again coming up for more air. a large <piantity Avas expired, bubbling 
up from the branchial outlets." That the fish " has the poAver of 
A'oluntarily closing th(' opercular opening Avas jiroved by the folloAV- 
ing maiH'UA’er." " The animal, burying its nose in the fine gravel in the 
bottom of the Aessel. used rapiilly to gulp up the graAel and throAA’ it 
out through the gills with a strong stream of Avater. It could at Avill 
A'ary this operation by throwing the jet from the right or left aper- 
ture.” .\fter the OAvner had the animal " for some months.” hoAvever, 
and it had again become used to the aquatic resjiiration. it die! not 
come to the surfam* for air ofteiau- than from ten to tAventy minutes." 

As the Avater disa])ix‘ars, the fi-h burroAvs into the mud. contracts 
the body, and secretes a gi-eat (juantitA’ of mucilaginous matter Avhich 
forms a coctwn around it. ami thus it may remain interred until 
future rain dissohes the mass and liberates it. But provision is made 
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for res])irixtion meanwhile, for tlie vital functions are only partly sus- 
pended. A tube i.T elaborated, lined with the same mucus which 
forms the lining' of the cocoon from the mouth of the fish to the sur- 
face. and through this the Protoptere derive.s sufficient air to support 
its aerial respiration. The presence of a fish in a cocoon may be 
readily detected by introducing a straw into this tube. If the fish 
be alive, quite a sharp cry may be immediately heard which is pro-, 
duced by the sudden e.xpiration of the air from the lungs. Bou- 
lenger. like Dubois, remarks that nothing surprises a person who has 

not been forewarned more than 
to hear the sound that may issue 
from a clod of earth of small size. 

The I’rotopteres under certain 
conditions, indeed, give utterance 
to decided sounds. Doctor Mc- 
Donnell received a cocoon “ dug 
iq) on the banks of the (Tambia." 
and proceded to lilierate the in- 
closed fish. lie jmshed a straw 
into the air hole so as to touch it, 
whereupon it scpieaked so loudly 
as not only to give unmistakable 
evidence of its e-vistence. but to 
make the doctor quicklv draw back 
“ his hand, in fear lest " he 
might l»e bitten." and while the 
cocoon was btung sawed and 
broken ojien “ the animal re- 
peatedly ])roduced vocal sounds." 
which McDonnell reganled as 
•• un<|uestionably \'ohmtarv." But 
" after having been jilaced in 
water it was not again heard to 
jiroduce any vocal sound : on be- 
ing occasionally taken out of the 
water it made no other sound than the smacking made by eels and 
other fishes." The sounds were really involuntary and. as Boulenger 
has (>x2ilained. " produced by the sudden expiration of the air from 
the lungs." reenforced by the walls of the cocoon acting as a sounding 
board. 

The Protopteres are \'erv voracious and indidge in a great variett’ 
of food. They mostly feed on tadpoles as well as grown up frogs, 
tishe-. criPtaceans. insects, and worms, but they likewise will eat 
boiled rice and bean-. In captivity they have been mostly fed on 


mi. 
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heef. According’ to J. (r. IVood ( 18 G 8 ) " the mode of eating was very 
remarkable. Taking the extreme tij) of the meat between its sharp 
and strongly formed teeth it would bite very severely, the whole of 
the head seeming to participate in the movement, just as the tem])oral 
muscles of the human face move when we bite anything hard or tough. 
It then seemed to suck the meat a very little farther into the mouth 
and give another bite, proceeding iTi this fashion until it had sub- 
jected the entire morsel to the same treatment. It then suddenly shot 
out the meat, caught it as l)cfor(' by the tip. and repeated the same 
jn’oeess. .Vfter a third such maneuver it swallowed the morsel with 
a quick jerk. The ainmal always went through this curious series 
of operations, never swallowing the meat until after the third time 
of masticating." In other words, tlie animal subjects its food to a 
kind of chewing process. 

If left fn'c in water where otlier fishes occur, they are very much 
at home and (‘xercise a elujice of food at the expense of many a coin- 
hal)itant. “.V fish may l)e quietly swimming about suspecting no 
evil ■■ and a Protoptere '■ rise very <iuietly heiieatli it until quite close 
to its victim" and then make "a quick dart with open mouth" and 
seize "the luckless fish just by the pectoral fin. and with a single 
effort " bite " entii’i’ly through 'kin. scah*s. flesh and hone, taking 
out a ])iece exactly the shai>e of its mouth." With this plunder the 
Protoptere will sink to the bottom and there chew as is its wont. It 
never chases its \ ictim or takes a sccoml bite. But when, in an aqua- 
rium, the keepei’ ofl'ered a Protoptere a frog attached to the end of ’t 
stick it acted ditl'erently. " Xo sooner did the frog begin to splash 
than the fish rose rapidly beneath it. seized it in its mouth, dragged it 
off the stick like a pike striking at a roach, aiid sunk to the bottom 
with its ]U'ey. Xot a ve-tige of the frog was ever seen afterwards." 
It was naturally inferred that " tin* poor victim was gradually chawed 
up like the beef with which the creature was formerly fed." 

Another peculiai’ity in ingestion of food was observed by McDon- 
nell ( 18 (if)). lie had "seen an active little minnow an inch and a 
half or two inches from the mouth of the" Protoptere "suddenly 
sucked in and (Uuoured. The i)rey is drawn into the mouth with im- 
mense rapidity by depressing the hyoid bone, and making a gulp 
rather than a snap." 

They are very (piarrelsome. and Boiilenger declares that it is 
almost impossible to preserve many together in an aciuarium without 
their maiming their fellows or amputating fins or tail. It is to lie 
remarked in this connection that those parts are readily regenerated, 
but not to the same size or shape as the original, and consequently 
much variety may be obserxable in those resjiects. 
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The !iest> and eggs of the Protoptere Avere looked for for a long 
time before they aaoi'c' found. At length ^Ir. J. S. Bndgett, in 1001, 
had the good fortune to find them during his expedition to the 



Gambia region. One clay his native head fisherman. Sory. ap- 
proached him " in a great state of excitement to say that he had 
found the children of the cambona," the native name of the Pro- 
toptere. " It Avas scorching mid-day. in the height of the rainy 
season, the temperature 00° in the shade." But Bndgett hastened 
to the sAvamp. and " there, about 10 yards from the Avater's edge, 
on dry ground, Avas an oval-shaped hole filled Avith Avater. and in the 
AAater Avas a great commotion, the surface of the Avater being con- 



tinually lashed from side to side by the tail of a cambona, the head of 
Avhich Avas Avay doAvn under tlie grouml. On being startled the 
cambona disappeared doAvnAAard. and the fisherman putting his 
hand into the hole drew forth a handful of larAal Protopteri," 
llaA'ing learned Avhere to look for nests. Bndgett found no difficulty 
in finding others and su]i])lyiiig himself Avith material. 

.‘special cari' i^ taken of the young. ‘‘ Throughout the period of 
the larvie being in the nest, the male Prof<>i>turus stays with them and 
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ofuarcls them jealously, severely biting the incautious intruder." The 
nests are irregular in shape and about a foot deep. “ There was 
never any lining and the eggs were laid on bare mud. All the males 
found in nests measured about eighteen inches in length." This, 
however, is by no means near the maximum of size attained. 

The rate of growth varies with circumstances. One noticed by 
lYood was 10 inches long and weighed “ a few ounces " when re- 
ceived in London, and in three years grew to a length of 30 inches 
and a weight of tij jiounds. " The rapidity of its growth," Wood 
thought, “ may be accounted for by the fact that it had fed through- 
out the entire year instead of lying dormant for want of water dur- 
ing half its existence, and its size was apparently larger than it 
would be likely to attain in its native state." 

The Protopteres are highly esteemed by the African negroes, and 
they take advantage of their knowledge of the habits of the fishes 
to secure a supply. They readily discover the presence of cocoons 
in the dried-up swamp and dig them up with the surrounding earthy 
covering, and these clods may he kept for future use. The flesh 
is “ very soft and white." Long ago the edibility, or rather savori- 
ness, of the flesh was appreciated Iw whites. As far hack as ISfiO 
Doctor McDonnell descrilied it as '• excellent as an article of food," 
and being “ highly palatable, somewhat resembling turbot ; a consid- 
erable quantity of yellow granular fat is diffused among the muscles, 
to which, no doubt, is due in some degree its savory qualities." 

THE I.EinOOSlKEX. 

The habits of the only generally recognized Lepidosiren are anal- 
ogous to those of the Protopteres. It lives in stagnant pools and 
watery hollows in swamps by the side of a river, but not in the river 



Flti. 11 . — Lfjpidvifiren patudoxa. After GOldu 


itself. Doctor Bohls was " unable to say from actual observation 
that the Lepidosiren can live in the dry mud of the pools, but as 
the swamps do dry uii when the weather is hot and little rain falls, 
they must either die or pass through a period of nonaquatic life." 

This is probably effected by burrowing and hiding in the lower 
regions of the mud," and they thus survive the drying up of the 
l)Ools.” Kerr was able to trace the career of one individual more 
fully. 

“ On the approach of the dry season it ceased to eat entirely : 
the muscles especially of its tail underwent fatty degeneration.” 
It became still more sluggish than was its wont, " remaining in its 
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burrow, and as the waters completely dried up it remained in the 
mud, breathing air !\v means of an air hole." It, however, appeared 
to make nothing >o specialized as the cocoon secreted by the Pro- 
toptere. 

As a rule, the Lepidosiren is a sluggish animal and wriggles among 
the dense vegetation which it affects. It acts as if it were almost 
blind. merely distinguishing light and shade." and is very sensitive 
to vibrations in the water. "A remarkable point " also, at least of 
the young, was oljserved by Kerr. “ During the night the black 
chromatophores all shrank up. so that the creature was of a nearly 
j)ure white with round yellow spots." With the return of daylight 
the characteristic color is resumed. "At dawn the creatures are still 
]3ale. but gradually darken, until about sunrise the normal deep 
color is re-attained." 



The Lepidosiren is carnivorous and feeds mainly on " marsh 
snails, or gastropods of the family of apple snails or Ampullariids, 
one of which grows as large as a man's fist and has a dense shell which 
the powerful teeth of the Lepidosiren are well fitted to crush. It 
by no means confines itself, however, to inollusks, for specimens 
have been "caught with a hook baited with fish." so that the Lepi- 
dosiren occasionally at least feeds on fishes. Vegetable matter, too, 
vas found " in the alimentary canal of the Lepidosinm together with 
the remain' of the snails, lint Doctor Holds thought it " probable 
that this may hav(' l)eeu swallowed accidentallv and not as food.’’ 
Keii. hove\(‘r, thought that it deliberatelv fed "on masses of con- 
fervas " During the rainy season, life being easy and food ex- 
n-emely abundant, the I.ejhdosirens eat voraciously: fat is stored up 
in gieat quantities in their tissues. This is especially the case in the 
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tail region, where the large masses of lateral muscles become in great 
part replaced by orange -coloured fat. As the dry season comes on 
and progresses so far as to cause the area of water to greatly diminish 
in extent, a change comes, and the Lepidosiren ceases entirely to 


feed.” 

The Lepidosiren has great power in its jaws, and " the bite of 
the animal is much feared by the Indians.” There are few enemies 
^trong enough to master it when adult, but, nevertheless, “ few exam- 
ples of the fish are taken in a complete condition : one of the limbs 
may be missing, or the tail injured (as often noticed also with Pro- 
topterus). The Jacare {Alligator Mh roi»<) feeds on the Lepidosiren 
in these pools, and specimens were found with the whole region of 
the body posterior to the anus in a state of regeneration — the ampu- 
tation having been iirobalily due to the bite of an alligator." 

Doubtless, however, part of the mutilation is due to attacks of the 
bloodthirsty Pirayas. and part also, according to Lankester. to the 
invasion of a parasite akin 
to that which is so injurious 
to the salmon (Saprolegniu 
fcra.r). 

The Lepidosiren has a sort 
of voice. Its discoverer, Xat- 
terer. long ago affirmed that 



Hciul from below to show 
aiUorior iK^nls. 

Flos. 13, li.—Liindoiinn. After Goldi. 


Head partly projected 
from water to liieathe. 


“ his Lepidosiren could give a 
cry like that of a cat. Those 
observed by Doctor Bolds 
gave out a sound when removeil from tlie water, caused by expelling 
air through the narrow aperture of the branchial chamber. ' Accord- 
ing to others, too, it sometimes " growls.” 

A Lepidosiren obtained at Obydos (a town in the State of Para) 
was sent to Doctor Goldi and was kept for some time alive in an 
aquarium at Para. During the day and when undisturlied ” the 
fish was “ a quiet and passive creature, not changing its curled posi- 
tion for hours.” Only once did it attempt to bite the fingers of its 
keeper. It remained “ generally indifferent even when small living 
animals ” were offered to it “ Avith the pincers.” It refused all food 
in the presence of observers, but as it became in a better state of 
nutrition than when it arriA'ed ” and “ decidedly fat and round ” it 
must have taken food unseen. It Avas assumed to do so " Avhen it 
burroAvs half the length of its body in the mud, as frequently seen.” 

For re-'piration it ascended " from time to time to the surface of 
the water, and put out a portion of its head.” The operation lasted 
seA’eral seconds. In a large aquarium this Avas done only " at inter- 
vals of several hours,” but in a smaller one much more frequently. 
“ The respiration is sometimes singularly prolonged. 'Wlien descend- 
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ing. !i series of air-bubbles is generally expelled from the branchial 
apertures on each side of the anterior part of the body. The whole 
body is covered with a viscous or gluey substance, which fills the 
water with whitish flakes when the Dipnoan executes more rapid and 
violent evolutions.” 

The breeding season follows with the rainy season and “ within 
the first few weeks after liberation from the mud,” in which the 
Lepidosirens have been imprisoned during the dry season. On the 
approach of the breeding season the papilla' of the ventral limbs of 
the male^ grow out “ into blood-red filaments one or two inches long.” 
A sort of nest is made “ in an underground burrow ” excavated at 
the bottom of the swamp, and therein the eggs are laid by the female, 
but “ apparently usually guarded by the male ” alone. 

The jjrogress of eggs and young were watched by Kerr. 

Eventually tliere batched out a tadnole-like larva, devoid of pigments, the 
horny eRgshetl undersoing a process of digestion before splitting. The 
larvie were remarkable for the e.xtreinely well-developed sucker and the 



P'lo. 1.". — I.arval Lcpitlosirm thirty days after hatctiing c. Cement organ ; r.j/, 
ciitaneniis gills; iiectoral limli : pelvie limh. .Vfter Graham Kerr. 


large external gills (.strikingly ampiiiliian characters said to be absent in Cer- 
atodun). The extern.-il gills were four in mnuber on each side. About six 
weeks after batching the external gills atrophied, as did tilso the sucker ; the 
( feature assumed a much darker, almost bbiek. colour, and its habits became 
much more active. The young Lepidosiren remained in its nest till about 60 
mm. [about 2V inches] bjiig. For neariy three months it lived in the yolk in the 
walls of the enteron. but did not eat .-it ail. About this time yellow spots ap- 
peared on the larva, and it remained so si)otted till over one foi;t long. The 
young Lepidosirens had i)ro]>ortionately l:irger limbs than the adult, and used 
them much in irregular alternation in clambering through the mud. 

The Indians in the neighborhood of its haunts depend largely on 
the Lepidosirens. as well as other fishes caught in the pools. ,The 
Lepidosiren can not be caught with nets (on account of the weeds), 
nor. commonly, by hook and line. They are mostly obtained by a 
spear or harpoon of about 8 feet in length. The Indians plunge 
into the water in parties, prodding the bottom of the pools with these 
instruments. ' Doctor Bohls himself went out with a party of ten 
Indians. The ovaries of the Lepidosiren are preferred as an article 
of food to the salmon-like flesh, and are pressed into a kind of cake, 
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( 'K< )S.S01*TE1! Yi:l A NS. 

During the later Paleozoic jierifnl and the >uceecdiiig iMesozic the 
liredoiiiiiiaiit fishes were forms distinguished by the axial prolonga- 
tion of the skeleton of the paired fins, pectoral as well as ventral. 
The species and genera were many, and they I’eprc'ented a number of 
families. They early disapjieared — during the later Mesozoic — from 
the waters of countries later to he inhabited by civilized men, but in 
others the race or ” phylum " must have been continued, for to-day 
relatives are still living in the fresh waters of the African coiitiiuMit, 
and there only. The last, though obi iously akin to the ancient fishes, 
are not near relativi's. but in some respects (|uite ditferent. iModern 
naturalists concur in the opinion that many old forms and the new 
constitute' a great com[)rehensive group to which the name of (’rox- 
x-j/itcri/diidis (( ' i-oxxo has been given. Dy some that gre)up 

is called a subclass: by others a superorder or an order. In the belief 
that it is a natural trroup agreement is unii ersal. 

All. extinct and recent, had or have the paireil liml)-' develojied 
round an axial extension of the jiaired fin skeleton, so that the fins 
are “ lobate." A distinct suspensorium of the lower jaw is developed, 
connected with the cranium by a simple stiture. Tlie skull i- also 
characteristic in that the uppt'r jawbones are not distinct, as in 
typical fishes. l)ut continuous with the cranium as in Amithibiaiis. 
The heart is preceded by an arterial musetdar ladb. whose cavity is 
beset with several longitudinal rows of valves. 

The cardiac character is of course known only from the living 
forms of the group, ami they have been recognized as a distinct type 
((’htdixtin) . These ('hulixtianx^ Avhich have l)eeu estimated by stune 
ichthyologists as an order, are distinguishable by the peculiar jx'ctoral 
fins. The base of each of those fins consists of a Y-shajied i)art artic- 
idating with a convex condyle of tin* scajttdar cartilage, and between 
the forks of the Y-shaped element is a broad cartilaginous jilate. On 
the hind edge of this many ray-like bones or actinosts are set. and 
these support the pectoral fin. 

It has been urged that this member manifests the nearest approa< h 
from the fish side to the fore limb of a terrestrial vertebrate. The 
■‘convex condyle of the scajmla " is sU]ipos<'d to be homologous with 
the humerus, the Y-shaped element represents the radius and ulna, 
the intervening cartilage the material for the carpus, and the actinosts 
the metacarpals. The group is consequently one of siugidar interest 
to the morjihologist. The interest is not lessened by the imperfection 
of the history of the group. lYhile its ancient relatives died out 
countless ages ago in the explored regions of tlie earth, in .\frica 
one branch of the group must have survived, and a number of species 
still r('pr('sent the order and the subclass in many an African river. 
These representatives all belong to one family, called the Polypterids, 
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tup: bk'piirs. 

The fuiiiily of I’olvpterids oi- Biehir> is peculiarly interesting, as, 
to a greater extent than any other recent group, it is intermediate 
between lishi's and amphibian^ — that is. l)etwe('n vertebrates having 
fins and those with legs. The body is more or less elongated or snb- 
cylindrieal and covered with oblique rows of enameled rhombic 
■scales; the head is ^nakelike and protected by bony plates: the caudal 
fin rounded and coiitimKnis npwai’d and forward with the <lorsal fin: 
the doi'sal furniture is esjpeeially reniarkalile : there are along most of 
the length of the back a row of opines ( w'rv different fi’oni the 
spines of other fishes) with whose hinder surfaces geiierallv several 
raylike appendages jirtieulate and a membrane is develoj)ed, thus 
resembling separate finlets. The anal is small and almost continuous 
with tlie caudal fin. and the \('ntrals are also far back; the jpeetorals 
are round(Hl and most pp-ominent below tlie middle of the hinder 
margin. 

The family has two very distinct gcmera — rohjjitmif. and Calo- 
Of the former on<' or more of 10 species are found every- 



Fig. 10. — Pol!/i)tcri(i bUhw. Aftoi* (.fcoftroy Saint-1 lilaire. 


where in trcqncal Africa; of the latter only one — a very elongated, 
eel-like foi-m without ventral tins — occurs in a few rivers of western 
Africa. 

The species of Poly ptcrux are so muclt alike that they have t)oen 
supposed by syme to be variants of one species. Ijut thev are reallv 
well distinguished by diflerences in the number of dorsal spines 
(I'anging from ■> to IS), size of scales, size of eyes, and other charac- 
ters. The oldest known sjiecies ( it was known to the ancient Kgvp- 
tians. but was first de-cribed liy (leoffroy Saint-IIilaii'e in 1809) is 
at one extreme Avith 1.1 to is spines, and one. described bv 4V. O. 
Ayers, of Boston, in Is.lO. is at tin' othei' extremm Avith to 8 sjtines. 

I he habits of the Polyjiterids are characteristic. They are in the 
main liottom fishes and lethargic. But they are not confined to such 
places and conditions. Harrington found that thev also li\e '■ in 
tile deeper depi’essioiis of the muddy river bed." and there they ai’e 
acti\e swimmers and "not essentially bottom-livers or mudfishes." 
They are most active at nighttime. Avheii " in search of food." But 
in shallow Avater tluw will lie for long ))eriods on the mud at the 
AOttom of the Avater. Avith the body a little upraised foinvard and 


PAKEXTAL CAKE AMOXG FHESH-WATEE FISHES. 


425 


resting on the outspread pectoral fins, whose form is so well adaxited 
to give a ivide resting surface. At last they may deliberately moye 
away, working the pectorals like a fan, the lower rays being the first 
deflected. If the water is fonl. they will dart to the surface, take a 
mouthful of air. and then rajiidly descend to the ground again. It 
is noteworthy that part of the air gulped down escapes by the sjtira- 
cles behind the eyes. 

The name pneumatoc(ele was coined as a common name for a yis- 
cus. which may be either an air bladder or a lung — that is. for the 
primitive diverticulum of the intestine, which was not specialized as 
one or the other. The pneumatoctele of the Polypterids is double on 
the floor of the abdominal cavity, and cellular: it is. indeed, a 
partly united pair of lungs, rather than 
an air bladd(>r. and acts as a lung and not 
as a hydrostatic organ or air bladder. 

The emis>ion of air in.'tead of water 
through the spiracles is in harmony with 
this function as a lung. This a])i>roxima- 
lion of th(‘ Polypterids to amphibians by 
its res])iratory function is coordinate with 
another character of amphibians. In 
typical tishes the main iustrnment of pro- 
pulsion is the tail and caudal fin. and the 
pectorals chiefiy [ji'eserve its eqnilibrinm : 
in the Polypterids the itectoral fins 
assume a large share in the function of 
jtrogression. supplementing the caudal. 

Although provided with real lungs. 

Polypterids do not appear to be able to 
live long out of water. At least Harring- 
ton complains that they " tvill not survive 
hours out of Avater, and only then under the most favorable condi- 
tions — that is. covered Avith damp grass and weeils." This feebleness 
Avas a great obstacle to success in getting mature eggs and sperm at 
the same time. 

Another characteristic in the actions of the Polypterids has been 
recorded by Harrington. " I’eculiar in the swimming movements 
is ” the manner in Avhich the head moves freely from side to side. 
This produces the appearance of a progression more or less snake or 
eel-like, although in general the poAverful sAveeps of the strong tail 
characterize the progression as fish-like." 

The food of the Polypterids is limited by their ability of locomo- 
tion and ingestion: it consists mainly of small fishes and amphibians 
as Avell as crustaceans, but the A'ariety is liberal. Harrington found 
that besides small catfishes, such as the " armoot, bayad. schilbe. and 
SM 1005 .at 
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bdial, wliicli were eoniiuonly Ubod as bait." they eat " a great many 
(■ther teleosts. as is evidenced by the more or less undigested remains 
in the stomachal jiouch of such foraiis " a^' killie fishes, eels, and boltis. 
They apjiarently catch such fishes alive, and they are most attracted 
by "live bait:" the food is always swallowed whole. "Althoagh 
catfish art' usually taken hea<l first, some fish were found in the stom- 
achal pouch in a reverse position; their undigested remains are 
prol)ably ejected through the mouth. The ]icnich is adiiiirably ada] ted 
for resisting the very dangerous and strong spines jiossessed Iw liie 
catfishes." 

The spawning season comimaices nearly with th(> rainy season or 
the inundation of the Nile and may last several months, or from June 
to Se^itemlier. .Vs the season for reproduction approaches, the habit- 
ual lethargy of the fishes diminishes, their movements become more 
sprightly, and males and females meet. The eggs liecome d(>veloped, 
and about as large as grains of millet: they are of a bright green 
color. The males also l>ecome more ditferentiated l)y the develop- 
ment of the anal fin. This is not only larger than in the female, but 
specially modified in form. 

Another noteworthy circumstance is that " the males are smaller 
than the hunales and. although they are much less numerous, are 
generally taken in company with one or more females." Harrington 
obtained " only twelve males to fifty-eight females." 

On account of the great interest connected with the relationship 
of the Bichirs. a numlier of e.\-]ieditions have been sent oi- led to Af- 
rica for the purpose of studying the life history and es[)ecially the 
oviposition and development of the species. The first in the field 
were Americans — parties from Columbia T^niversity. Tii the spring 
of 1M)S Dr. X. K. Harrington, then a " fellow in zoology " of the 
university, with Dr. Tlind Hunt. w<mt uji the Xile in search of the 
Polypterids and remained till September 10. He found many fishes 
with eggs and spawn, but not the comliiiiatioii of the ripe products. 
Later Hr. J. S. Budgett undertook to visit equatorial .Vfrica for the 
purpose of investigating the species, and in 1901 he ])iiblished some 
important facts relative to the habits of some of the sjtecies. After 
several ineffectual attempts he sueceedeil in confining some fishes in 
four inclosures in a swani]) off the (xambia River. He fed them with 
minced meat, and as soon as he put food into the water al one end of 
the inclosiire some of the fishes " came hiirrving through the grass 
from all parts and greedily devoured it. without the least appearance 
"t sh\ Hess. He was unable, however, to obtain ei;g's from them or 
to etlectiially fertilize tho.so from other individuals. He found that 
the main difliculties m obtaining the eggs ■-eem to lie in the fact 
that Pi,]y probably makes mi nest, and certainly lavs but few 
eggs at a time, these being scattered, probably broadcast, throughout 
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the thick vcg'etatioii of the fioodeil grass-laiuls. The eggs are inimite, 
■uul therefore the chances of finding them in a state of nature are 
'inall in the extreme." 

In l!)0u Ihidgett tvent to Uganda and returned by way of the Xile, 
in "carch of Polyjtterus. Below Murchison Falls, during August, 
lie found Polypterus spawning and the fertilization of over a hundred 
ova wa-- secured, but this, “the most promising attempt yet made 
to breed I’olypterus arliticiaily, again failed." 

The youngest Polypterus yet found was an inch and a qtiarter 
long. It had external gills as “ long as the head. It was a most 
beautiful object." above striped with black on a golden ground and 
nith a milden stripe running from the snout onto the end of the 
'-teni of the external gill. It was “ extraordinarily active, and. during 
ih(' moments when it was at rest, supporteil the weight of its liody 
on its jiectoral tins, the tilade of the fin lieing turned forwards and 
rot backwaiaU as is usually the case in the adult." 



I' I*.. l‘iilifpli I'll'-, larva, li iu. Umg, in a very cluiravten.siic aliitiule. After 

liudgett. 

At last, during a third voyage to Africa, in southern Xigoria in 
the mouths of August and September. I'.Ht:), Budgett succeeded in 
obtaining egg-' and milt of Pohj pfci'iits tscncyalu,'. in proper con- 
dition and time. lie was " able to fertilize a large ipiantity of eggs." 
I'he early development was found to be very similar to that of a 
batrachian — " astoundingly frog-like " was his first announcement — 
■■ the segmentation being complete and fairly e([ual and the process 
of imagination resembling that of the frogs egg. Prominent ven- 
tral folds are formed which arch over in the normal fashion." 

A characteristic of the Polypterids is the development and reten- 
tion for a long time of the 2>ecidiar external larval branchia or gills, 
one on (‘ach side, reminding one of similar structures in the Di^moans. 
The-e ha\e a featherlike form, with a ta^iering cutaneous axis 
bordered by rows of barblike filaments above and below, converging 
into a terminal portion; tliey originate behind the iqjjier e.xten^ions 
of the branchial a[)erture--. Tluur persistence is variable, and some- 
titiie-^ OIK' ma\ la.-t much longer than the other, as in a s[)ecimen of 
the Pd! tj jifrrii-s ornoy/cu.v. nearly 0 inches (go cm.) long, which 
ret aim'd the right gill but had lost the left one. 
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Here, for the pivbent, the history of the Bieliir's propagation ends. 
Four special expeditions have been made and two excellent natu- 
ralists — Harrington and Biidgett — sacrificed their lives in the search 
for further details. Another and more fortunate explorer must arise 
Iteforc' the full history of tin' fish is known and the extent to which 
provision is made for eggs and young. 



Fib. 11), — Fijhiiiti t us Yonnij with iH'rsistent HXteriial jiills. Alter 

Steindachner. 


Tlie Bichir i^ not only interesting from a scientific point of view, 
for it may be considered as a food fish and is Iw no means a bad one. 
Indeed, (leott'rov Saint-Hilaire elainu'd tliat its fi(‘sh is white and 
much more savory than that of the other inhabitants of the Nile. 
As the fish can not l)e readily cut with a knifi'. on iiccount of its coat 
of mail, it is put whole in the fire, and can then, after the limbs 
have been cut out. Ik' skinned and hamlled with case. 

THE liOWlTN OK A.MIA. 

One of the most interesting of the American fresli-water iislios is 
that ino't commonly known as the dogfish or mudfish, but to enable an 



ordinary man to know what those names mean it is necessary to add 
the Latin di'signation. Ainhi atlrti. Its interest arises from the fact 
that it has. like the gar-pikes (Lepidosteids) . the merit, for the zoolo- 
gist. of being the only survivor of an ancient typi' of fishes, and thus 
preserving the records in flesh and bone of the details of structure as 
veil as habits characteristic of one of the old types. It is at once 
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the representative of a peculiar ^eiins (Anii/t). a jwculiar familv 
(Amiids). and a distinct order or suborder ( C’ych)^aii()ids ) . But 
although now solitary and confined to some streams and lakes in 
North America, not long ago in geological history it had numerous 
relatives in many jiarts of the world, and a few survived in Europe 
till the Miocene period, when they had. as coiitemporarie- there, 
species of Lepido~teids. as have those now living in America. 

Although dogfish and mndlish are the names in wide-t use. there 
are many other iiopnlar names in mon' limited aceeptation. such as 
howfin, grindle. or. in more detail. "John A. (frindle." lawyer, 
marshfish and l)lackfish. Blaektisli i- the name ciirreiit in the resi- 
dence of the species nearest Washington and the coast cities: that is. 
about the Dismal Swamp of Virginia. But it and all tlie other eom- 
liounds with fish are much better known to nio-t persons and in litera- 
ture in connection with other fishes, and eonseipieiitly bowhn may be 
advantageously used here. 



The bowfin has attracted the attention of many ]iersons. and by 
various zoologists it has been watelu'd by day and night, as well as 
when feeding and breeding, and con-'e(|nently its life history is (inite 
well known. Chief of the historians of its doings are F. Fiilleborn 
(18f)-f), Whitman and Eycleshynier (1897). Bashford Dean ( 1S9SV 
and especially the latest. Jacob Keighard ® (100;) ) . From these we are 
able to derive an unusually satisfactory view of the fidi. For details 
reference may be had to the writers just named, and a brief summarv 
need only be given here. 

The bowfin is a strong and well-armed fish, both as to the bonv 
armature of the head as well as the teeth. It is one of the large fishes, 
when fully mature attaining a length of over -J. feet, often iff. or even 
somewhat more. As usual among fishes, the females average larn-er 
than the males. The males, apparently, are much mon' numerous. 

The geographical range of the bowfin is <pnte exteinive. and vet 
restricted in a peculiar way. It is not found in the Xew Fuglaud 

« The luiotefi paracraiihs not sjiecially acknowleUgeil are due to Professor 
Reighard. 
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States (except ill lAiko Champlain) nor in the v.ateiv. flowing- east- 
ward. of the Middle States, hut it is an inhabitant of the (Ireat Lakes 
excejit Siiiierior ) and of the Mississippi lia-^in. as well as of the Soiith- 
(I'li States lip to Virginia and the Dismal Swamp. 

Shig-g'ish waters are its favorite haunts, and a couple of its names — 
mudfish and marshfish — indicate places in which they may be found. 
Dut. as Dean has recognized, "the general haliitat of the fish varies 
at difl'ereiit seasons of the year. In suimiier it frequents deeper 
water: in spring it comes into the marshy shallows and makes it-, 
wav through reedy places where the water is scarcely d(*ep enough 
to cover the dorsal fin." For winter quarters, like the carp, it 
selects deepm- water, Ayers found it " in schools closely huddled 
togi'ther in thi' bottom of pockets or shallow de]iressic)ns of the 
gravelly beds ' of Lake Oconomowoc ( AViscoiisiii ) "among tlu' 
water weeds. In sm-h places the fishes may " li(> so do^o together 
that occasionally two individuals are impaled on the fish-sjxair bv 
one throw. M hen disturbed by such intrusion. " llu'y scatter from 
their resting-places, moving out a .'hort distance to return (piickly 
after the llrst few disturbances." Doubtless during the cold weather 
they cease to feed and livi- on the fatty stores they accumulated dur- 
ing the summer. 

The bowfin is a more or less nocturnal animal, but stirring mainly 
tdioiit the beginning and end of night. After considerable observa- 
tion. Doan concluded that it "is rather to b(> regarded as active at 
twilight. It takes the hook best shortly after sundown and during 
early morning.' At sucli tiiiK's it is "exceedingly aetiw' under 
natural conditions." 

\ oracity is characteristic of (he bowfin. and smaller fishes and 
crayfishes are its chief ju'ey. .'fioine of its victims niav be half as long 
as it'clf. but generally they ■ considerably smaller. Its apiproach 
to prey is rather slow and ste ly : but when near miough it (|uickl\- 
darts and seizes the object dch it has neared. .Vci-ortling to 
TTallock. one has " been knoiv ' bite a two-pouml lisli clean in two 
the veiy fii-st snap. .Vs a ruh* .ne object must show t'videnci' of life 
l<.> render it desirable. Dean at least " found no evidence that the 
tiogfish eats fidi. or. more accui-ately. xn/in- fishes, after tliev are 
d.ead. and " dead ])erch and suidisli remain untouched " where the 
fish " Is very abundant." Nevertheless it sometinu'- takes advantagi' 
id' a rubbish hcaj) in the water.’ and "scrajis of meat and a lump 
of raw potato have lieen found in the stomach of one." 

M hen warm weather set^ in. the bowiin k'aves its w-intm' quart m's 
anil begins to make good the loss of flcsli incurred during' the winter. 
The impulse to perform their imocreatite duties i- ~oon felt and the 
sixes diow the ettects. I hi* females become heai’v with ripening- 
egg'. but retain the dull colors of winter. The males assume a bril- 
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liant livery : all thiii- tins become a bright green and of the same hue 
as the pond plant' among \\hich tluw rove: the bronze of the back 
and sides is furbished up: the 'tripes on the cheeks show in bolder 
relief, and above all the spots at the base of the caudal tin grow 
vividly distinct: the spot of ea<'h side culminates in being velvety 
Idack. and its surrounding I'ing is of a bright oi'ange or yellow color. 

Striking and glaring as is the color of a male tish when isolated, it 
is (|uit(‘ otlu'rwise when amid his natural surrounding'. Then, 
Ileighard te'tities. " one is struck by certain resemblances between 
his colors and those of surrounding objects. All his tins ari' of a 
green like that of the acpiatic vegetation and blend with it readily. 
The reticular markings on his sides bear a close resemblance to the 
diadows cast by the intercrossing leaves of the vegetation floating 
at or near the surface.” d’hi' rc'emhlance is so close that Keighard. 
■■ after proloug(‘d examination at a tlistance of a foot or two." was 
unabl(> to determine with certainty " which of the reticulations on 
the side of the male were dtie to pigment and which were shadows, 
d’hoy could only be distingtti'hed through sonu' slight movement of 
the llsli. Moreover, the tail-spot hears a striking resemblance to cer- 
tain refraction images that aia' commonly seen on the bottom in shal- 
low water.” 

Tn .V])ril the mating is generally at its height. iMale* and females 
seek each other. Both resort to places fit for their futurt' functions. 
Iveighaial tells that " tlu‘ localities selected for nests art* tpiiet bays or 
inlets, well-grown with water-plants and atFording sheltt'r for the 
nests in the form of stumps, bushes or fallen trees, d'ho'e localities 
art* jtrt'ferred in which the removal of tin* growing vigvtation leaves 
a thick mat of fibrous rootlets for the bottom of the nest." Each 
nest is a sattcerlike exeat ation from 1 to 3 feet in tliameter and 
from 4 to S inches dee]). The bottom of the excavation is usually of 
the kind of fibrous roots jii't noticed, " which, freed of all earth, 
form a thick sjjongv mass. Sometimes, however, the bottom is of 
gi'avel or saml. or even of black loam, and iti two cases" observed by 
Reighard. it was of " the dead, brown, water-soaked stems or leaves 
of cidtail or other similar Avater j)lants." Of course then* :ire 'till 
other variants from the average nest. 

Tin* unde ttnaided constructs a no't. and. according to Reighard, 
■■ works chiefly by lught. not by day." Tlu*re are. however, 'ome 
exceptions, and Reighard records that " a Indf-coinpleted nest found 
at 0 a. m. on April was found completed in tin* afternoon of the 
same diiy." Reighard was convinced "that the male us(*s the snout 
in making the nests" from "the fact that in the nesting season the 
snout of th(* male i' fre((uently covered Avith scr:itches A\here the 
(*pidermis has been removed, and tin* underlying connective tissue 
shoAVs Avhite beneath it. Proliably the male in building the nest 
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breaks off the young shoots with the snout, or by tlie movements of 
the body, or by biting." Doubtless “ ho then sweejis the underlying 
rootlets clean of bottom ooze by the fanning movements of his pec- 
toral and caudal fins. When he excavates into sand or gravel, the 
Avork is probably done largely, as in teleosts. by fanning Avith the 
caudal and pectoral fins. This much may be inferred from the frag- 
mentary ol)servations " recorded. 

A nest is marie Avithout any selecterl mate and sometime in adA ance 
of finding or selection of one by its maker. Meanwhile the male 
stays beside it more or less persistently. “If the female does not 
appear, the Avaithig male ceases after a time to guard tlu- empty 
nest."’ and leaA’es. More likely. howeAei-. a seeking female, a night 
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or two later, may find th(> ne-t and its maker. After a longer or 
shorter play, carc'sing and circling about, the tAvo come together 
side by side, tlu' one laying the eggs, the other fertilizing. On one 
occasion observed by Reighard. the preliminarv ])lav lasted " one hour 
and tAventy minutes." After the first pairing, the tAvo fishes may 
again play and come togetlier as much as five or six times. 

Ihe stock of eggs tints provided is Avatched oA’cr assiduottsly by 
the male, btit he is (juite Avilling to admit another female to the nest, 
and not infrequently one enters and adds to the store. But Avhile 
tAvo. or even more, females may spaAvn in one ne--t. oviposition being 
intermittent, a female may also spaAvn in tAvo or more nests. Under 
such circumstances the number of eggs in any nest mav A'ary greatly, 
from a few to many thousands. In one case Reighard could oniy 
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find “ twenty-five fre.-uly laid ” one?;. Kggs " may be over the whole 
inner surface of the nest, on the bottom only, or on one side only. 
If fibrous roots are present, they are invariably on these." 

The stock o eggs being provided, the male bowfin redoubles his 
guardianshio and " lies for the most part motionless, or with only 
slight mo's'i'iiauits of his fins, but at intervals he moves over the nest 
e.nd thus bv the movements of his fins keeps the eggs fiu'e from sedi- 
ment. ..v'dch would other\vist> smother them." All the time he is on 
the .'Uiii/ok for intruders, and especially against other males. One 
ReioJiard saw rushed at another male and " struck him with his heael 
ui the middle of the side and hurled him two feet from the nest." 
Generally there is no contest, for the rights of the nest maker ap- 
pear to lie respected, but occasi(Mially too great aggressiveness on the 
part of the occupant or audacity of an intruder results in a regifi.'.r 
battle. Whitman and Eycleshymer tell of one: Two males that 
claimed a female were unwilling to yield, one to the other, and " a 
fierce battle for supremacy ensued " between them. " They a[)- 
proached fnnn ojipositi' sides cd' the nest and locked jaws in a most 
ferocious manner. Their struggles were so violent that a cloud of 
muddy evater soon arose and obscured them from vitnv." Eventually 
one of the males was left about the nest, and his attentions wmv 
accepted Iw the female', who. " during the battle, had remained con- 
cealed at the side of the nest." 

^"igilant though the watching may be. it is not entii'ely continuous 
during the period of incubation; Reighard found "that at many 
visits " males were not found over their nests " in spite of careful 
.-earch through all the surroundings." The absences were most nu- 
merous in the morning and least so in the afternoon. But day after 
day the nest is guarded most of the time. Xine days elapse before the 
eggs are hatched and seven to nine more before the lar\ <e are prepared 
to leave the nest. The newly hatched larv;e are not (piite a third 
of an inch (7 millimeters) long: those ready to take to fi’ee life are 
nearly half an inch (11 to Id millimeters) long. By this time black 
pigment has develo])ed and the whole body excejit the belly is " very 
dark greenish black oi- greenish brown." The swarm reminds one 
both of a swarm of tadpoles and a swarm of bees. First the larvie 
are stationary and then they commence to move. " Thev swim to- 
gether in a swarm which moves in a generally circular direction about 
the edge of the nest or just outside it. The larva’, though not })ro- 
gressing continuously as individuals, form a swarni which neverthe- 
less progresses, one way or another, with many internal irrca’ulari- 
ties." The course of a school from which its guardian was frightened 
away has been well epitomized and illustrated by Bcighard. 

‘‘This swarni was among hummocks (dotted areas) and bunches 
of grass (lined areas), and when the observation began was at A. 
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Its subsequent movements, its subdivL-^ioiis. and the frequent returns 
to the point B. where, without Jiuieh doubt, (dtlier the ^eliool or the 
male had been for some time |)reviou<ly. and its liiial reunion with 
the male when, after fifteen minutes, he I’eturned to the point C. may 
all be followed in the fio'ure. I'hese larva' were about -!0 millimeters 
long. The rate at which the schools move increa<es greatly with the 
age of the larva' and donlitless aBo at any age with the conditions, 
such a< abundance of food. In a school of larva' of about '20 milli- 
meter-; " Keighard " noted a rate of aljout lb inetei> per hour. In 



Fm. 2‘>. — Fiacrram of inovemonTs of 2‘>-min. lar\dl IlowtiU', duiiiiir 1." iiiinn;-'" .\fror 

another ca>e " he ” found a scliool of larva'* of about the same size 
within .I meters of the spot on \\hicli it was live hours earlier, anotlu'r 
within 12 met('r< of its original location, and anotlu'r within ^SO 
meters." 

By the miildle of June. " when tlu' larva' are some '.>() to 100 milli- 
meters (about 4 inches) king, the si-hools are much spread out. con- 
sist of few individuals, and are moving with gri'at rajiiditv." The 
male still continues with them. But liy high summer all the swarms 
have broki'ii uj) and the young dispersed to lead independent lives. 
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After complete dispersion and when the young' fishes have to pro- 
t'ide'for tlieinseh'cs their habits are those of the species in miniature. 
AVhen S to inches long, the colors are ()uite striking; yellow, red. 
and green tinting the vertical fins and blackish bordering them, red 
dyeing the gill membranes, and three distinct bars bordered with 
lighter or orange running along the sides of the head, the uppermost 
through the eye, the lowermost along the jaws; later these fade out. 
When a year old they are about 10 inches long and like the parents 
ni form and color. iMost individuals probably do not reach sexual 
maturity till the third or fourth year. 

The bowlin is not a favorite with epicures, and is, indeed, generally 
rejected and not ranked as a food fish at all. The flesh is soft and 
ilisugreeable. 

CIIARACIXIUS. 

The family of Characinids includes a very large number of species 
t about 1)00). confined to South (and middle) America and Africa; 
'-l)eci(‘s a-'c the sole American representatives of the carp-like fishes 
in the Southern Conti- 
nent. but in .Vfrica may 
1 ) 1 - found side by side 
with th(' Cyprinids, espe- 
cially Barbels. Xothing 
exact is known of the 
breeding habits of any 
of th(' species, but in 
1001 J. S. Budgett re- 
corded a noteworthy fact respecting a jjeouliar provision for the 
protection of the eggs and young of a common African species, the 
)^’c/v (xhurs oiloi'. According to him, in the flooded grass lands of 
equatorial Africa along the Gambia River, '■ the eye is frequently 
caught by masses of white foam floating on the surface of the water. 
On close inspection it is seen to be filled with numerous transparent 
ova," about millimeters in diameter. The fry hatched from the 
eggs •• make their way through the foam * * * down to the sur- 

face of the water, and there the young larva- hang holding to the 
surface of the water by a large adhesive organ situated on the front 
of the head." The blacks were well acquainted with the nature of 
the foamy nests, ami told Budget! Avhat they were, and were corrol)- 
orated by his investigations. 

The peculiar fal)rication of a foamy receptacle for the eggs is 
analogous to the ])rovision made by some catfish-like forms — the Cal- 
lichthyids — as well as the celebrated fish of Paradise (Maeropodiis 
rti'idi-i.'iiriifx.s) . a relative of the Gourami. This fact is especially 
noteworthy, as the three groups which make such similar nests are in 
no wise I’plated, and all three difl'er from most of their relatives in 
their pt-culiar ovi]iosition. 



the large adhtrsive cement organ t c. <i ) borne on the front 
of the head and a pectoral tni After Budgott. 
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Its sul)S6Hinent movements, its subdivision'', mid the frequent returns 
to the point If. ivhere. without miieli doubt, either tlu' '■ehool or the 
imile had been for some time previously, and its final reunion with 
the male when, after fifteen minutes, ho returneil to the point C. may 
all be followed in th(' figtire. The^e larva' w<>re about lM) millinu'ters 
long. The rate at which the schools mote increases oToatly with the 
age of the larva* and doubtless aKo at any age cvith the conditions, 
such as abundance of food. In a school of larva* of about "JO milli- 
meters lieighard ” noted a rate of about 10 meter' jier hour. In 



Fic. lii;, I»iai;rani i>f in<iv»‘mfnt's «»f laiv.'l I"' inimiii"' \f(t“r 

Ijt'iifha rtl 

another ca'c " he '• fouml a school of larva* of about the saiiK* sizi* 
within .1 meters of the spot oil which it was five* hours earlier, another 
within Ti met(*r~ of its original location, and another within :>0 
m(*ters." 

By the middle of June, '•when the larva* are some OO to 100 milli- 
meters (about 4 inches) long, tin* school' are much spread out. con- 
sist of tew individual', and are moving with great rapidity." The 
male still eontimies rvith them. But by high summer all tlu* swarms 
have broken u)) and tlu* young dispersed to lead independent lives. 
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Aftei- completp dispersion and when the young fishes have to jiro- 
’\ idi‘'for theiiiselve-' their habits are those of the species in miniature. 
When d to .5 inches long, the colors are quite striking: yellow, red. 
and grei'u tinting the vertical fins and blackish bordering them, red 
dyeing the gill nuanbraiM'''. and three distinct liars bordered with 
lighter or orangi' running along the sides of the head, the uppermost 
thi’ongh the eye. the lowermost along the jaws; later these fade out. 
Wlu'ii a year old they are about 10 incht's long and like the parents 
'll form and color. Most individuals probably do not reach se.vual 
maturity till the third or fourth year. 

The bowfiii is not a favorite with epicures, and is. indeed, generally 
rejected and not ranked as a food fish at all. The flesh is soft and 
disagreeable. 

CIIAUACIXIDS. 

The family of Characinids includes a very large number of species 
(about ;)0()). confined to South (and middle) America and Africa; 
"pi'cies a v the sole American representatives of the carp-like fishes 
ill the .'Southern Conti- 
nent. but in Africa may 
he found side' by side 
with the Cyprinids. espe- 
cially Barbels. Xothing 
exact is known of the 
breeding habits of any Fh;. 21.— svi/oxei.v.. o'tm l.irv.i, jist mti r hiuclnm;, ■.Imwins 

of the wnecies hut in the large adhesive cement orgiin ('.».) buriie on the front 
■1 of the hea'l and a pectonal tin (;>. / I, .Xfter Budgett. 

IhOl J. S. Budgett re- 
corded a noteworthy fact respecting a peculiar provision for the 
jd'otection of the eggs and young of a common African species, the 
Siiri (iihict’s odit'i . According to him, in the flooded grass lands of 
etpiatorial Africa along the flambia River. " the eye is frequently 
( ttiight by masses of white foam floating on the surface of the water, 
bin close inspection it is seen to be filled with numerous transparent 
ova." about millimeters in diameter. The fry hatched from the 
eggs make their way through the foam * * * down to the sur- 

face of the water, and there the young larva* hang holding to the 
'-urface of the water by a large adhesive organ situated on the front 
of the head." The blacks were well acquainted with the nature of 
Ihe foamy nests, and told Budgett what they were, and were corrob- 
orated by his inve-tigations. 

The peculiar fabrication of a foamy receptacle for the eggs is 
analogous to the jirovision made by some catfish-like forms — the Cal- 
lichthyids — as well as the celebrated fi.sh of Paradise (^lao'opuJu^ 
. a relative of the (Tourami. This fact is especially 
noteworthy, as tlu' threi* groups Avhich make such similar nests are in 
no w i-e related, and all three differ from most of their relatives in 
their pi'culiar ovi]io^ition. 
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In an articK- on " The no-t-biiildors of the ^oa." by Dr. C. F. 
Holder. pllbli^lK‘d in IlarperV Xew ilouthly Magazine for December. 
1S83 (LXVTTl. lO.-)). a figaire is pnl)li''hed of a " lianging nest of 
perai." re 2 )re.'euting a cocoainit-Iike object floating in the Avater, 
loosely snsj)en(led in the 'water from a palm-like tree, with two 
fishes close by. Doctor Ilohh'r can not, at pre'Cnt at least, give me 
the soui'cp of his informaticm. but thiidrs it was " from some French 
journal." Dy jierai. [jiraya or ])iranha is meant. 

CYPlilXIO.S. 

In the enormous family of the Cyprinids. or car[)-like fishes, fhe 
sjjecic'' generally neglect their eggs after o\ iposition. but a few make 
special ])i'ovision for them. One remarkable method is that exempli- 
fied by the Ditterling of centi’al Europe, and illustrated in th(' 
Smithsonian iMiscellaneoii^ ( ’ollectioii' (XI^VIII. i2n;-5. pi. r>:]}. 
Sevc'ral .Vmerican aDo take care of their eggs, especially the Horned 
Dace (Scniofihi^ nfroiinu uhifnx) ^ the Dlaek-headed Dace (Ptnie- 
■plhilcx proDKliis) . and tlu' .Stont'-roller i ( 'u m pn.stniiKi (iiiiiiiiiihnn) . 
Their nest-making ludiit' have long becui ktmwn. but impc'rf(>ctly, 
and next winter ( ItiO") a full aceoiuit may Ix' expected from Prof. 
.Tacolj Eeighard, of Ann Arbor, vvlio has beiui observing them for 
years, and has already published jtreliminary communications. 

THf'. or.AXTS. 

Many centuries ago a fisli was noticed iuliabiting fresh waters in 
northwestern Oreece tliat exercised |)articular care for Ixith the eggs 
and Young. The fish was es]M“ciallY an iidialiitaiit of tlie river Aehel- 
oiis. the largest of (ireece. and was then known as the (rhm/s. Aris- 
totle ga\ e more details re-pecting thi- fish tluui about any other. Tlie 
mode of ovijiositioji and the subM'(|uent j)aternal care manifested for 
tlie eggs a7'(‘ described at eoiisi( lei’able length in his History of Ani- 
mal'. The translation of hi- 'vor<ls from tlu' (ireelv. diu‘ to Prcjf. 
Louis Agas'iz. i' the b("t tliat has appeared in English, and is there- 
fore here rejirodiiced with few modifications. Agassiz was probably 
assisted by the eminent (freek sdiolar. Profe—or Felton. .Vri-totleV 
account of the (Hini'ix is not a eontinnons one. but distributed under no 
li'ss than s(>ven clnqiters, wlaM’ein various organs or functions are con- 
.sidered. The sections relative to tlu* spawning habits and parental 
care occur in the s.xth and ninth books. 

In the sixth book ( ehaji. 13. 'ccs. i! to 4) the manner of spawning is 
dc'cribed as follows; 

till’ 1 resLi-w ater lislies siiawii in the still waters nf rivers amt hikes among the 
leeils. iis the ijlioxiiios (niinnowl anil the |ierke (yellow |iercL). The glanis 
.111(1 the jiecke cave out their spawn in a continuous string, like the frogs; anti, 
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indeeil. the spawn is so wnuiid np that the tislu nueii reel it off. at least that 
the perke, from the reeds in lakes. 

The larger glauis spawns in deeji waters, some at the depth of a fathom; th^ 
smaller in sh.allower places, esiieoially among the roots of willows or some other 
tree, and also among the la'eds. or tlie mosses. 

They copulate, sometimes a very large with a very small one. and bringing 
the parts together which some call the n.ivel. ami through whiidi they discharge 
the seed, the females the eggs amt the males the sperma. All the eggs that are 
mingled with the siJerma hecome generally on the first d.iy white and larger, 
and a little later the eyes of the fishes hecome visible. These at first, in all 
fi.shes as also in other animals, are early eonspicuous on account of their size. 
Anil those of the eggs that the sperm does not touch, as in the case of sea- 
fishes. are useless and sterile. 

But in these fertile eggs, as the fishes grow larger, a kind of husk separates. 
And this is the envelope that encloses the egg and the young fish. When the 
sperm has mingled with the egg the spawn hecomes more viscous among the 
roots, or wherever it may have been deposited. And where the greatest ituantity 
is deposited the male guards the e.ggs. and the temale. having siiawned. departs. 
The growth of the glauis from the egg is very slow, wherefore the male keeps 



watch forty or fifty days, that the young may not he devoured hy the fishes that 
haiipen to he in their iieighliorhood. 

Aristotle incidentallT adds, in subsequent paragraphs, that " the 
eggs of the glanis become as lartre as tlie seed of the orolios " (sec. 
.o) — that is. the millet — and that none of the fresh-water fishes " ox- 
ccjit the glanis watch their eggs ” (sec. b). 

How the eggs are taken care of after spawning is told in a later 
book (Book IX. chap. set. (>) : 

Of the river fishes, the male glauis takes gre.it eare of it.s young. For the 
female, having brought forth, departs ; hut the male, where the greatest deposit 
of eggs has been formed, remains hy them watf-hing. rendering no orher service 
except keeping off' other fishes from destroying tho young. Tie does this for 
forty or fifty days, until tlio young are sulliciently grown to escaiie from the 
other fishes. And he is known to the fishernum udierever he may chance to 
he watching his eggs : for he keeps off the fishes hy rushing movements, and hy 
making a noise and moaning. And he remains hy the eggs with so much of 
natural affection that the fishermen, when the eggs adhere to deep roots, bring 



438 


PAKENTAL CAKE AMONG PEESH-WATEK PISHES. 


tliem up to tlio shallowest iilace they can : but he does not even then leave his 
offspring, hut if he chance to l)e a young fish he is easily taken by the hook, 
because he snaps at all the fishes that approach hiui : but if he is alreaily 
accustoined to this, and has swallowed hooks before, he does not even then 
desert his young, but breaks the hook by a very strong bite. 

Ill 1830 two of the greatest ichthyologists of the last century. 
Cuvier and Valenciennes.® regarded this account with great skep- 
ticism and recapitulate it. concluding with this opinion : 

What -tristotle relates in detail, ami in two passage-, of the care which the 
male siluriis takes of the eggs of his female, borders a little on the marvelous. 



According to him. the large silurl deposit them in deep water-: the smaller 
among the roots of willows and other trees, among the reeds or even the mosses. 
The female, having laid them, leaves them, but the male gnanl- .-111(1 defeiid- 
ihem ; and. as these eggs are long in hatching, he continues tills care forty or 
fifty days. 

Skepticism was not at all unnatural in view of the fact that tin' 
French naturalists thought there was no doubt that the Ari-totelian 
fish was specifically identical with the r/Zioi/s- of central 

Eur()]te; "On ne pent donter qne notre -iliire ne -oil It* rXaviz 
dWristote." tht'y oxclainied (p. 3II). This opinion was confirmed. 

“ Histuire Naturelle des Poissous. t. 1-1. ini. b.lo, 3.11. 
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they tliought. bv the fact that the Siiuriis is callctl at the present day 
or Ghino iji Turkey. Fifty-six years later (IHl).-)) another 
eminent European ichthyologist (Prof. F. A. Smitt) declared that 
the ancient acc(junt of Aristotle, tliat the male hatches the roe, is now 
regarded as dubious." 

It may b(‘ here recalled that the Sihn'HK t/h(uis does not care for its 
eiigs. luit after depositing and fecundating them, the parents leave, 
them to Dame Xatiire. The skepticism of naturalists resjiecting the 
statmnents of Aristotle was then quite natural as long as there was 
supposed to be no structural dill'erence between the common silurus 
and the glanis of the Aclieloiis. 

From the fourth century before the Christian era a leap may be 
mad(‘ to the latter half of the nineteenth and into a new world. 




America i' not inhabiied by any species of the same group or even 
subfamily as the ( ilani.s. but has numerous representatives of the same 
family and of a subfam- 
ily (juite closely related \ / 

to the Siluriiu". Spiaaes 
are fouml almost every- 

where in the streams ami ® I- 

lakes of eastern .Vnierica // m J 

and the valley of the / :j 'V 

Mississijqh. and are gen- / | 5 . \ 

('rally known as cattislies. / v;-' A M \ 

It was also long known / f. ; j \ 

that some at h'ast exer- / j: • ;| '''i'SiM \ 

cised care of their egg~ / ^ jl ' ^ 

and young. It was there- ‘ 

fore quite natural that AfwrX.uur., 

Prof. Louis A g a s s i z 

slioidd accept with implicit faith the account of the ancient natu- 
ralist and at thi* sanu' timi' Ix' skeptu'al as to the coriectiiess of 
the identification of the (Irecian tisli with that which he had well 
known in central Europi'. In b^-'ic, he i-eceived specimens of a .^ilurid 
from the same river ( Achelous) in Acarnania from which Aristotle 
had securi'd his Clanis. and these were evidently of the same kind 
as that described by tlu' old naturalist: according to C- Felton, 
thev even still bear a naiiu'. " (Tlanidi, formed, according to numerous 
analogies, from the genitivi' ((ilanidos) " of glanis. The specimens, 
on coiiqiarison w itli some of tlm wi'E, were found to be (pute different, 
the sjiecii's was named Ai Hx, and an interesting account 

of them, in the form of translation' from Aristotle, was presented to 
the American Academy <d‘ .\rts and Scienci^s and publislied in their 
••Proceedings" (III. pji. 3d.a-334). 


Hcatl inmi .Omv*- <»t Ari«-TotlpN patlish {Paranilaras 
AftxT Nature. 
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In thi'^ lono: acoount, however, no indication was given of any 
structural differences between tlw (drecian and German fishes, and 
consequently for lialf a century the species inis been ignored by Euro- 
pean naturalist'. Indeed, in tlie latest English work on fishes (The 
Cainlii'idge Xatural History, Abil. VII. p. 5!G) the great ichthyolo- 
gist. Dr. George Boulenger, expressly afliriiis that the " only Euro- 
pean representative of the family," Siluridin. is the S/h/rns r/Ianis. 
Xh'vertheless. in 1890. in response to the present writer's demand for 
information, Saimud E. Garman published a description of the 
specimens collected and commented on in 18oG. and called the species 
“X/Za/a.b- (A//v/.s/?'ou.s) Arisfofilix." It appears that “from the 
young of iS'. yJauin L. of e<(ual length, they are readily distinguished 
by the possession of four barbels iiistiaid of six," as well as "by the 
difference in shape of those on the maxillaries — they lieing shorter, 
Ic'S compressed, and more threadlike, by the widi' separation in the 
middle of the band of vomerine teeth. l>v a larger eye. by a greater 
slope to the sides of the head, by a smaller dorsal, liy the smaller 
number of rays in the anal, and by the markings." The largest of 
Mr. Garmau's specimens was “ less than 9 inches in length.’’ All 
these characters tlu' present writer has been able to confirm. Further- 
more. the snout is more convex in front than in the AATls, the chin 
barbtds further from the symphysis than the foremost ones of the 
Weis. ;ind the optu'cle is smaller and especially shorter. Such char- 
acters evidc'utly indicate specific differences from the. central Euro- 
jiean fish. Hail Agassiz oidy added to his account one word, fonr- 
htirl/chi]. Felton would lun'e been justified in his exclamation, made 
after the communication of Agassiz: 

Ir is a very strikius fact, that tlie tish in iiuestioii sliould, so niaiiy centuries 
after the death nf .Vristotle. have conie from tin- Achelous across the Atlantic to 
this country, to furnish our associate with a coninientary on the ereat plii- 
losoiiher. and to vindicate ids accuracy as an observer against the criticism 
evi-n of a Cuvier. 

The single word " fonr-harheh-d " would not only have demon- 
strated (accuracy heiiig conceded) tluit tin- Glanis was distinct from 
the Silurns. hut wotdd have suggested to the well-informed ichthy- 
ologist that its affinities might lx- with certain eiistern species rather 
than with the northern. The Glanis is, indeed, but distantly related 
to the AVels of the north and is a near relative of several eastern 
species. It is. iu fact, the offspring of a successful invasion from 
Dersiawards and the ( )rient. Doulitless the renowned ichthyologist 
ajjjireciati'd and intended to have made known these facts, hut post- 
l)oiiement included non-performance. 

The history of tin- glanis i-, unique in t'be annals of ichthyology. 
A moi'e detailed aecount of its habits was given than of any 
other fish by the greatest of ancieru scientific authors, but the fish 



PARENTAL CARE AMONG ERESH-MATEK FISHES. 


441 


itself Mas lost sight of or confounded with another for more than a 
score of centuries. Then it was reserved for a naturalist of a new 
world to attenijit to revive it. and to a follower of his still living to 
establish it as a distinct sjiecies and to tell us what it really is. 

The (xlanis is so exceiJtionally interesting, as well as so little known, 
that the other sections relating to it, as translated by Agassiz (with 
a few alteration^), are added herewith. It may be seen then how 
much naturalists, as well as fishermen of classical Greece, knew about 
at least one of her fishes." 

The cordylus (a salamander) swims with its feet and its tail: and it has a 
tail like the (llnnis . — .Uav/ot/r. Ilixt. Ati.. I. .i, .1. 

Of Ashes that have drills, some li.ave simiile gills and some have doulile: hut 
the last, nearest the body, is in all eases simple. And some have few gills, 
others h.ave many, hut all h.avi' an (api.il mimher on Ixitli sides. Those that 
hiive the fewest hav)> (jue on e.aeh sidi‘. hut that doiihle. as the eapros : others 
have two on e:i<'h side, one simple, the other double, as the eon.ger eel and the 
seams: others have four simple ones on each side, as the elops. the synagris. 
th(‘ inuraanu and tl)i> eel: ;ind otliers still have four, luit in two lines, e.xeept 
the last, its the kit'hle t rniiikihi K'i.’ t . the perke (iiereh). the dhiniti. kyp- 
rlnos (earp'.O. — Ihul., //. iK .). 

Of thosi" lielon,ging to the sea. ;uul luivin.g Inn.gs. the dolphin has no gall-l)lad- 
cler : hut all birds ;ind Ashes have the gall-bladder, the e,g,g-layin,g. th(‘ four- 
footed. and. to si)eak generally, sometimes more, so)iietij]ies less. IJiit some of 
the Asht's have it on the liver, .is the Galeodes (sharks), the the rhine 

(iingel Ash), the leiohatos oi sk.ate). the n;irk<‘ I toi'iiedo ) : iind of the long 
Ashes, the enchelys (eel), the helone (piiieAsh). iind the zygiena (hammerheaded 
shiirk). — /?)/(/.. II. 11. 7. 

The river and lake Ashes are exempt from pestilentijil disease, hut some of 
them h.ave peculiar disorders, iis the (Ihuth. which, about the time of the dog- 
star. by reason of swimming on the surface. i)ecomes sun-struck, and is stupe- 
A(h 1 by loud thunder; jind m.-ni.v .glanides in shallow water perish by the bite of 
•snakes.— ib/d.. TUI. In. 11. 

One passage relative to tlie (ilaiiis has been overlooked by Agassiz 
and is here translated from the original Greek: 

Itiver and iiond Ashes art' best after .spawning and milting, when the.v have 
recovered their hodil.v vigor. Some are good during the spawning season, as 
the saperdis : others had. as the Clttnis. The m;)les of almost all species are 
better than the females, but the female glanis is better than the male. (Aris- 
totle. Ili.st, 17//. /.'/ ■">. ) 

Notwithstanding the interest attaching to such a fish, no illustra- 
tion of the GJtinix has yet appeared, and undoubtedly the accompany- 
ing portrait of one of the original types will be welcome to all. We 
are indebted to the iMu.^-eum of Comparative Zoology, and especially 
Wr. Garman, for the specimen requisite to till this desideratum 
( tig -i.') ) . 

" It is of course to be undcrstooil that the dcAi-iencies of information mani- 
fi‘st in sonic of the statements by Aristotle are not here made good. 

•svi IbO-j d2 
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TCTALI inXES OR NORTH AHERtCAX CATFISHES. 

All the Xortli Aiiierleaii catfislies are supposed to take care of their 
eggs and young, but the belief may possibly not be realized, for 
observation has contirnied the supposition only for two genera and 
three species. The species observed are the common catfish of the 
Michlle States (Atnei)ini>; <(iiiiii or aJhlduv). the common Bullhead 
or small catfish of the North (.l?»c/?ov/.s uchidoMix) . and the channel 
or blue catfish {Ictuhn-ns pii/ictufnii) . In view of the difference in 
bri'cding habits between such closely related s})ecies as the wels of 
central Europe and the Ohniix of (Ireece. it is quite' possible that 
analogous differences may exist among the American eatfishes. 

The three American species whose habits are known are much alike 
in such re''pects. The normal mature fishes, some time after they 
have awakened from their winter rest and become invigorated, and 
wlien their sexual products have become fully (hwelo])ed. seek mates 
and pair. The time naturally varic's with the tc'inperatun' and con- 



se(piently tlu* latitude, but in the neighborhood of Af’ashington and 
New dork it may be in April, but aj)parently is mostly in June and 
July. A .'-ubcircular oi' iri’egulai' area on a sandv oi' gravelly gi'ound 
is cleared in shallow water and nK)re or less exca\ated. Tlu' cleared 
or gravelly bed may serve as the place of deposit of egg'. 

file first time the jirc'Cnt writer had an ojjportunify to observe' cat- 
hslu's at close range during their bre'ediiig season was in .July. fiSSli, 
when Mr. (afterwarels I’rof. ) John Byder informed him that a pair 
had oviposited and reepiested him to go to the Fish (’ommissiou 
laboratory and examine' tlie'in with him. The lislu's preewel tee be e)f 
the Ann I Urns t nf ns ( then e-alh'd n! hid ns) kinel. ( )n the' lueiruing eef the 
l-ith eif July, a little afte'i- 10 ei'e-lock. one of them had laiel “ a mass of 
wliiti'h e'ggs ’ anel leeitli pare-nts wc're feer a time near the' e'ggs. .'seeem, 
heewever. eeuly •’one eef the* iiielivieluals remaineel ceeiistantly eever the 
eggs, agitiiting the veuiter eever them with its anal, ve'utral. anel pectee- 
ral fins ; the other, " after the eggs were laid, seemed to take no 
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furtlier iiit(‘re>t in theiii, the whole duty of renewing and foreing- the 
water througli the of adherent ova devolving upon tlie " other. 

•• who wa^ most assiduous in this duty tintil the young had eseatted 
t'rom the egg liieinhraner-.'" During tlie week this ineuhation lasted 
tlie writer daily visited the aquariuin. hut did not remain long. By 
Ilyder and the imnieditite attendant it " was at first supjtosed " that 
tii(‘ watcher was "the female.'' hut the writer contended that it was 
rather the male. Ryder explained that " on the hOth of June, or when 
the young wer(‘ seventi'en days old. it wa- (h'termined to make an ex- 
rniination of the internal oigiiii'' of hoth parents, which was (hine in 
the jire-ence of Rroft'^sor <Tilh to learn which one of parent Hshes it 
Mas that had actt'd as nitr'-e; " it was found that it was the male. 

Not only did tlie male alone act as guarditin of the eggs, hut on one 
occasion during the writer's oiiservation. when the female a[)proached 
nearer than she was wont to do. the male advanced towttrd her tiiid 
hutted at her with [nirtly open mouth. Occtisionally. however, the 
hmiale may co(q)erate with her mate, if we may trust to the observa- 
tion of Hugh. IM. .^mith ;nid L. (i. Iltirron (lUO.'l) which were more 
exteiuled than Ryder's or mine, tuid stre worthy of reproduction. 

lini'inLT tite entire liatchiin; perind liotli |iarents were incessant in tlieir efforts 
to iire\eiit tlie smntlieriiia' of tlie eir.as. to keep them clean, and to ,a:uard against 
intinidei'.s. 'I'lie eiru's were kejit const, iiitl.v .-nritated and aerated liy a gentle 
fanning motion of the lower tins. ;iml foreign p.-irticles. either on tlie iiottom 
of I lie nest or tloating near thi‘ eggs, were removed in the mouth or liy the 
Inis 'I'lK- most striking art in tlie care of the eggs was rite sucking of the egg 
masses into the inoutli and the hlowing of them out. Tills being reiieated sev- 
eral times with each cluster liefon* another lot was treated 

'file iii.ile was jiarlicularly active in wateliing for intruders, and savagely 
attacked tlie hands of tlie attemlant who brought food, and also rushed at 

sticlts or otlii'r obji'cts iiitrodticed into the a<(Uarittm. I’raeticall.v the entire 

work of defense was assumed by the tnale. althottgll the female occasionally 
tr.irticijiati'd. 

During the time the fry was on the bottom the attentions of tlu‘ jiarents 
were unrelaxed and. in fai-t. were increased, for the tendency of the different 
lots to become scatteri'd had to be correct(*d. and the dense [lacking of iht‘ young 
in llie I oriiers seemed to occ.isioii nuich concern. The masses of fry were con- 
stantl.v stirred, as the eggs had been, by a tlirl of the tins, which often sent 

dozens of them ,'l or 4 inches u|>ward. to fall back on tlie [lile. 

B'lieii the nest is cumpleted. uvipositioii may take jilace at once 
Of b(‘ moi'c or Ic'S ilelitveil. In the case of Smith ami TIarron's fishes — 

'two days intervened betwi'cn the beginning of the nest making and the layin.g 
of the eggs .\s snoii as the nest was made re,tdy the fish liecame very i[iiiet. 
During most of tlie time they rested on the bottom, with [iractically no body 
or tin movement, e.xcept ,it intervals. The fish lay close together, often 
parallel, with Their abilomiMis just clear of the bottom, their weight being 
borne on till' anal and ventral lins. .Vt frtsiumit internals the fmiiale comiiressed 
her distended alidomen against the smooth slate bottom with a ipiivering or 
ioiunlsi\e movement, the male often .■n-coni|)an,ving or following the female 
in this action, wliii-h is obviously for the purpose of loosening the eggs. 
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On .July Ijotwi'eii 10 and 11 a. in., the esgs were deposited in four separate 
agglutinated masses on tlie elea.ii slate bottom. Unfortunately the fish were 
not under ol)servation at this lime, altliough they were watched for about 
fifteen minutes after tlie e.xtrusion of tile first two lot.s of eggs, when it was 
supposed tile sijawniiig had lieeii completed. The masses of ('ggs were of 
nearly uniform size, about 4 inclies long. 21 inches wide, and half an inch thi<-k. 
Tile newly laid eggs are one-eighth of an incli in diameter, nearly transparent, 
and of a i)ale yellow color. The number of eggs deposited was estimated 
at 2.00(1. The incubator.v period was five days in a mean water teniiieratuiv 
of 77' F.. the lowest temiierature lieing 7.‘>“ and the highest SO’. About twelve 
liours Intel veiK'd between the Imtcliing of the first and last eggs. .Votive move- 
ment was observed in the emliryos forty lionrs after tlie eggs were laid. Fully 
00 per cent of tlie eggs hatched into normal fry, a few weak and deformed 
fry and a few unfertilized or dead eggs being noticed. 

Sniitli and Ilarroii entered into detailed observations respecting 
the behavior of the male and female catfishes toward each other and 
their nest making. 

The iK'st-making, as modified by the artifieial conditions of th(> aquarium, 
consistt'd in reiiioviiig all the .atones and sand from oiu' end and kceiiiiig the 
slate bottom scruimlously clean from .all foreign objects, even the smallest 
particles of food, sediment, etc. In moving the iiebbles. which were mostly 
from one-half to three-fourths of an inch in diameter, the fish took a vertical 
or slightly obliiuu" position and sucked a iiebhle into the mouth, usually beyond 
the lips and out of sight, then swam toward the other end of the tank and 
dropped it h.'- an e.xiilosive or blowing effort. Sometimes the gravels were 
carried only a few inches and sometimes the entire length of the aiiuarium. 
Usually the fish swam horizontally near the bottom when carrying a stone, 
but sometimes turned oblhinely upward and dropped it from near the surface. 
r>oth fish participat(‘d in this oiieration. The removal of finer sediment was 
effected by a ciuick lateral movement of the body which caused a whirl that 
lifted and llo.ited th(> inirticles bevoiid the limits of the nest. 

'I'he iiair of fish more particularly under consideration, during the first ni,ght 
tliey were in tlie aiiuarium. removed all the gravel trom over a space nearl.v 
2 feet long and 1^ feet wide. u|iward of a gallon of stone lieing transferred as 
ilescrilied. Afti'r tlie second pair of fish h.id cleared a similar space, a liiiit or 
more of gra\el was scattered on tlie nest; thi' fish immediately liegan to re- 
move tlie stones, and in a few minutes had completely freed the nest from 
gravel, 'flie gravel — regarded by bass and other fishes as desirable material 
for the bottom of nests — may lie removed by the c.ittish for two reasons: tli 
To have a clean place for the eggs and young, so that they may be better 
guarded, as hereafter ih'scribed ; (2| to provide a smooth place on which to 
rest and against which to rub the abdomen. 

All the observations thus far noticed were made on individuals 
conlined in aijiiaria and of tlie sjtecies A nir'iKrus t-atux or .1. hchi'Insus. 

The liest account of the manner and location of nesting under 
natural, or 'ometinies rather iimiatnrttl. coinfitions. lias lieen given 
by Albert C. Eyclosheinier. who had good ojiportunities to see the 
conunon hnllliead of the north ( .1 /ichuhjsux) . The observa- 

tions wer<‘ made in .Tune. ISOC) and l.sps, in Wisconsin and Michigan, 
dune Is, l&iil). three nests were found in Fowler Lake, 'Wisconsin. 
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Two of these were in puM-es of stovepipe, the third in an old pail. Tlie nests 
were in eiear water, near a boid, roeky siiore. and at a di’ptii of four cjr li\e feet; 
;U1 contained eiuliryos and each was ,;;uarded b.v a parent tisli — whicli one I did 
not ascertain. On tlie followin;< day. in searching for otlier nests. 1 raised :i 
small pie<'e of tin pipe and was surjirised to find a p.iir within. Thonsli the 
raisin;r of the pipe they became so wedired that it was impossible for either to get 
free. They had not yet begun s|)awuing. althou.gli the e,ggs were so ripe that 
they were easily e.'ctruded by slight pressure. lArtilicial fertilization was tried 
but w.as only jiartially successful.] A small perceuta.ge of the eggs segmented, 
most of which died before the embr.vos api)eared. 



Two t’ears later Plyclesheimer renewed his observations ivlien 
camped near iind Lake. Michigan, which abounded in large bull- 
heads. and thus tells of his experience : 

An extended st'arch was made on .Tune 0, 10. and It. and we had almost given 
up the search when <ine of my conipaiuoiis found a nest in a small bay with 
shallow sandy shoals. 8oou a dozen or more were fmuid along this sandy shoal 
and in a depth <rf wiitt'i' not exceetling three or f<mr im*hes. ITiey were usually 
concealed beneath logs, stumps, or boards, which lay .-igainst the bank. One 
would often observe a slight depression, .and upon turning the shelti'ring <iliject 
would And the pair engaged in s{)awuiug or watching over the freshly laid eggs. 
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In two nests whiiTi were found beneatli logs on .Juno 11. the parent lishes were 
moving about in the small sheltered exeavation. TTie eggs were removed in 
each ease: tliose of one lot were in e;trly <-leava,ge. while tllose in tlie other were 
in late gasTnila. Both nests were visited on the following day, but the tislu's 
were no longer iiresimt. .Vinrthe]- nest, in wlih-li the eggs were in late gastrula- 
tion stages, was uncovered and left expo.sed. When \ isited on tlie next morning 
neither lish nor eggs weri:' found. 

AMiilt* the nest is thus Itravely iriiaftled in many if not most (•as(>s. 
it is not in till. In fact much iinli vidtiality appears manifest in the 
ht'havior of the fish toward the precious deposit wliosc care it assunu's. 
Professor Birge had the ojtportuiiity to see many individuals and Ints 
given his impressions in t'xctdlent form: 

There was a suriirising differeme in the disposition of the fishes on various 
nests, tine of them was extreniel.v tame. If approached cautiously, he would 
not swim otf, .and it was quite easy for me to jiut m.v h.inil undi'r him amt lift 
him off file nest. He seeim'd to en.joy l)eing seratclied .gently, and wlien lifted 
off the e,g,gs would renuiiu wliere placed or would swim off' a short distance, 
and. in .general, was very little disturlied l)y handling. Others were exceedingly 
shy. so that as soon as one had approaelied within a few yards of them they wimld 
dart otf. tlirowing the e.ggs out of the nest as they went, witli a .I'erk of the tail. 
Of eoursi' they always came hack and hron.ght the eggs logellier again. But 
this violent treatment of the hunch of eggs was apt to lireak it up aud I 
observed that a euiisiderahle portion of the (‘.ggs was lost in such casi>s. One of 
the catfish whose eggs were in a stump was partienlarly ferocious, and this 
was the only one which I found tliat had a violent disposition, I found the 
nest and imt my h.and down into the stump to take some of the eggs, when the 
fish seized it aud worried it with all his force. .Vfter that I found it iiecessaiy 
to remove the eggs from this iiesl with a pair of long forceiis. which the fish 
would liite ill .spite of heiii.g rapped on the nose witli them rather vi,gorousl,\ . 
It was this ditt'ereiice in di'-pi.isitioii that osjieeially attracted my attention in 
■ rudying the catfish. 

If di.stiirbcil on the nest, the actions of tiie jiaivnts arc cliaracleris- 
tic. Evclesheimer ha.s recorded t'xperiiiients on a [niir: 

It was interesting to watcli the a<-tions of the fish when tlie sheltering nb.i'cct 
was removed. .V fence rail coverin.g a ncstin.g ]iair was <-arcfnll,\ turned, wlien 
tlie fishes immediately sought its shelter. As it was turned farther and fartlier 
from the nest they tolluwed. keepiifg as well secluded as jiossilile. the while 
movin.g restlessly aliout in search of the iiest. When the rail was Huall.v lifted 
Iroiii the water the male lingered for a few moments, then darted for deeper 
water. Tlie female aiiproached the shore and lieg.in seari-hing here anil there 
tor her lost nest. This she jiassod .several times without recognition, altliough 
slie secnicd to know the surroundin.g landmarks, since she would go but a short 
distance in either direction, tlien turning, would jia.ss iiack to the locality of 
the nest, whicli she found in a short time, and desiiite tlie fact that it was 
unsheltered, she rcniained. On the followin.g morning the tiest was visited, but 
a.galit tieitlier fish nor eggs were to he found. 

It is not diflK tilt to .illtire the fish to an improvised shelter. A number of 
liotirds were placed on the shore with one end projecting into the shallow water. 
The fishes sought these places and made their nests beneatli the hoards. It is 
worthy of note that in no case did I observe more than a single nt'st beneath the 
same cover, and this iiuite agrees with the puguaeiuus character of the fish. 
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l*!itern:il care is continued for many days after the birth of the 
yomig-. At first the>e may l)e <Towded together in a den^e mass, 
but as time j)asses they disperse more and more and spread round 
the father. Frequently, especially when the old one is feeding, 
some — one or more — of the young are taken into the mouth, but they 
are instinctively separated from the food and s])it out. At last the 
young swarm venture farther from their birthplace, or perhaps are 
led away by their parent. Such a swarm may be occasionally no- 
tice<l by the visitor to a likely stream, and one such the present rvriter 
saw in Ids youth a- he was wandering along the bank of the Ttahway 
River. Ha\'ing read tlu' paragraph by (xohlsinith. to the effect that 
no fishes exercise care ov(U' their progeny, he was (piite unprepared 
for such a manifestation of jtarental interest, and. indeed, it was 
some time before he recognized the nature of the jihenomenon. A 
black (doud was apparent near the o])|)osite bank, which was slov ly 
moving toward the middle of the stri'am. It was at first conjectured 



to be a lot of tadpoles, but as it approached a large catfish became 
distinguishable in the midst of small, black wrigglers, which 
were at last recognized as young catlislu's. The swarm seemed to 
revolve round the large fish, sometimes almost surrounding him and 
then nia-sed by tin' '-ide. For more than an hour the slow movement 
from the bank to midstream was t)bserved. when other interests led 
the youth away, and h(> left the swarm to itself. 

The same swarming is practiced by the ti'h in an acjuarium, as the 
writer has observ('d. More prolonged obst'rvations were made and 
rei'orded by Smith and TTarron : 

TTie very yeuiiii fry were also taken into the months of the iiarents and blown 
out, esiieeially those which hecame separated fnnn tile main lot and were found 
in the sand and sediiuent. The old fish would take in a mouthful of fry and 
forefun partii-les. and retain them for a moment, and expel them with some force. 
After the youm; heirau to swim and lieeanie separated, tin.' p.-aviits continued to 
suck them in and mouth tlieni. and. as suhseiiuently develoiied. did not always 
blow them out. 
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All interesting lialiit of the parents, more esiiecially the male, ohserveu linr- 
iiig the first few da.vs after hatehiug was the mixing and stirring of the masses 
of young l)y means of the barbels. With their chin on the bottom, the old tish 
approached the corners where the fr.v were hanked and. with the barltels all 
directed forward and flexed where the.v touched the liottom. thoroughly agi- 
tated the mass of fry. bringing the deeiiest individiiais to the surface. This 
act was usually repeated several times in ijuick succession. The care of the 
young may be said to have ceased when the.v began to swim freei.v. althougli 
the iiarents continued to show solicitude when the attendant a|iproached the 
aiiuariiim from the ri'.ar. 

The after fate of the brood is spoofestive of some of the conditions 
and accidents which beset the path of young fishes and indicates why 
the iiumher of adult fishes does not vary more from year to year in 
f-pite of the immense number of eggs and progeny yielded by a 
mother fish. 

When tJ da.vs old about l..'i(M) of the frv were removed from the aquarium 
to relieve crowding, and pl.aeed in a hatehiug trough siieli as is employed for 
salmon and trout. For some imkiiowii cause. 1.000 of these died during the 
lirst three da.vs. The others survivtil with little or no loss, and are still on hand. 

The fry which were left with their parents continued healthy. Imt their mim- 
ber steadily decreased. There being no way for them to escape, and a closely 
woven wire screen proveiitiug inroads from the exterior, it was suspected that 
the old fish were eating tlieir young, though the.v were liiier.ally fed at suitable 
intervals. The.v wore keiit under close abservation during tlie ihiy. and wore 
seen to be fond of mouthing the fr.v. more especially tl)e weaker ones — a hal)it 
which at this stage seemed unnocessar.v. The.v were frequently seen to follow 
leisurely a fry. suck it in their mouth, retain it for a while, and tlien expel it. 
sometimes only to capture it .again. There was no aetiv{“ pursuit of the fry, 
and the teiideuey seemed to lie to s[)it them out. In one or two iiistanees, 
however, it appeared that fry taken into the mouth wm’e not liberated, the 
feeding iiistiiu-t hecomiiig paramount to the parental instinct. After all the 
fry wliich had l)oen left witli their parents had tlisaiqieared — in alxint six weeks 
after hatching — bs from tlie trough were placed in the aquarium one evening, 
and only 2 of these had survived oii the following morning. 

During the entire period covered by these oli.servations liver a7id l)eef were 
fed regularly to the brood fishes, and at no time did llieir appetites fail. There 
was apparentl.v no interference with (h'gintition, or closure of the (esophagus, 
such as has been oliserved in some other eattishes, as half-inch cubes of namt 
were readil.v ingested during tlie entire time the fisli weri> under observation. 

PlilFXODlXES. OR .SOUTH AND JIIDULE AMEKIUAX UATITSIIES. 

Much like the North American eattishes are most of those of South 
and Middle America, but they have only six barbels instead of eight, 
the missing ones being the nasal ; as in the Ameinrines. however, 
their nostrils are remote and not cIom' together as in the Tachisnrines. 

The attitude of the jiarents to the young among the Pimelodines is 
unknown in most cases, hut it is probably analogous to that prevalent 
among the North American fishes. There is. however, a remarkable 
deviation from the latter and doubtless from its relatives of the sub- 
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family exemplified in one ease, the eominon bagre of Yucatan. iMr. 
E. AY. Nelson obtained specimens of the fish so named in Yucatan, 
and it was later found by Evermann and (loldsborough that the spe- 
cies was unknown, and they consequently described it as new ( in 



Fi'i. ^'.1, — The liagr*' of Yu(*atan {^'outuhiiuchus mlsonih Aftt'r l!v(‘i’inann and 

lhO'2), calling it Coiiorhi/ucho^ nchouli. The accompanying figure 
will give an idea of what it looks like. It reaches a length of a foot 
to 18 inclu's. Two of the males obtained by Nelson had ('ggs in theii- 
mouths, one IG inches h)ng having no less than GG well-developed 
ones, and the other a single one. 

SALT-WATER CATETSIIES. OR TACIII.Sl RINKS. 

Yliile most of the catfishes are inhabitants of the fresh water, a 
few have accommodated themselves to life in the sea. and among 
such are the Tachisurines or Ariiiu's. mostly called 
sea catfishes. The chief of these are slender, grace 
fill fishes, with comparatively small, bony, granu- 
lated head and six barbels; the anterior and ])oste- 
rior nostrils are close together. What is especially 
remarkalile, however, is the fact that of most spe- 
cies the female lays large eggs the size of a small 
inarbh* which, after fecundation, arc taken by a 
male into his mouth and kept there until they are 
hatched. While such is the case for most species, 
however, it is not so for all. for several are said to oviposit on the 
ground and leave the eggs there to he cared for by the males, while 
one {Gideicltthys or Ilcxinirnudichthyx fells) has been declared to 
be ovoviviparous : this is the most northern of these fishes and occa- . 
sionally wanders up to Cape Cod. 

THE EGO CARRIERS. 

YTien the breeding season has arrived the female gives evidence 
of it by an increased fullness of the I)elly. which is the result of the 
enlargement of maturing or matured eggs. The ovaries are in a 



Fid. o2. — Thf Bagre 
[f'onorh}in<h(i6 iiel- 
iifjnii) liatcluiig egg. 
After E\ ennaim and 
(ioldjiborough. 
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nearly symmetrical pair, ami eggs are existent or developed in about 
three sets. According to Wyman, the eggs " are arranged in three 
zones corresponding to three successive broods, and probably to be 
discharged in three successive years. Tn the female of one species. 
IS inches long, the mature eggs measured " three-fourths of an inch in 
diameter" and those of the second zone "one-fourth." while those 
of the third were very minute — “ alxait one-si.xteenth of an inch." 
Turner found in an Indian fish that the largest eggs were about as 
large as " gra 2 )es or small cherries." those of the s(>cond series “ like 
medixim-sized shot." and the smallest " like minute granules." The 
size of the eggs varies more or less with the species and perhaps with 
the average size of the siieeies. Those of the common large bagre of the 
Argentine Republic {Set limit Junhiis or (■ommersiiiiii)" have a diam- 
eter of 17 or 18 millimeters (three-fourths of an inch"). 

The number of mature eggs dilfers considerably, but, as would 
naturally be exi)ectcd, are lu'ver in large number, as fishes' eggs go. 
Wyman found " between twenty and thirty " in the mouth of each 
male he observed. Turmn' found tweha* in one of his females, 
wdiile in the mouth of one male lie found ten and from that of an- 
other " thirteen were shakmi out." Tn the opinion of Turner, snid 
apparently of Wyman. " a close relation exists between the number 
of eggs which come to maturity at a given time and the number 
which the male can carry in his mouth." 

According to Day. however. " in the female organs of generation 
the eggs seem to conu* to maturity in batches of perhajis fifty at a 
time." but he " found many males of the genus " Ar’nm or TtirJi’min'im. 
" and also of Osteinjcniimim, with from fifteen to twenty eggs in their 
mouths." This concatenation certainly requires verification. Doubt- 
less the number of eggs matured varies with size as well as species. 

It may be also that the numbm- of eggs in the mouth of a male may 
be no certain criterion of the number in a gi\en female. Wyman, 
for instance. " in the mass of eggs w ith which th(> mouth " was filled, 
" occasionally found the eggs, rarely more than one or two. of an- 
other species." The only way, he thought, in which the presence of 
the exceptional eggs could be accounted for " is by the supposition 
that while feeding the eggs are disgorged, and as these fishes are 
gregarious in their habits, when the ova are recovered the stray egg 
of another species may be introduced into the mouth among those 
which naturally belong there." It is. however, improbable that the 
male feeds while the eggs are being hatched or that he disgorges 
them. 

In some cases, at least, special provision appears to be made bv the 
female to receive the emitted eggs. Day found. " on e.xainining the 

Ariu-s comnu t sonii 4)f most authors. 
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(oni'ornijition of the ventral fins, those of the females aitpeared to be 
larger than those of the males:’' farther, “these rays were thick- 
ened by a depo-it of fat. while the innermost one had a large pad 
atta(died to its posterior edge.” He therefore assumed that " these 
fills can be expanded into a cuplike surface, the use of which may be 
(o receive the eggs as extruded, which may be vivified there by the 
male.” 


As soon as the eggs are extruded by the female and fertilized, they 
are taken by a male, but whetlrer from tlie ventral pouch improvised 
by the female or from the open water is unknown. In the mouth 
they ar(‘ prolialily retained until they are hatched and the fry pre- 
pared to take care of themselves. The interior of the mouth is 
capacious and the oral cavity separated from the stomach by the 
esotjhagus. which exercises the function of a sphincter and confines 
the eggs and fry to the cavity. Wyman, however, found " in one 
iustanci'. Ix'sides some nearly mature fietuses contained in the mouth, 
two or three were squeezed apjtarently from the stomacli, but not 
lieariug any marks of 

\'ioIeuce or of the ac- 


\'ioIeuce or of the ac- 

tion of the gastric 

urally assumed that 
"it is prnbalde that 
thes(' found their way 
into tliat last cavity 

after death in conse- :,rTu,-hsur,„.. AW-rWymun. 

quence of the relaxa- 
tion of the sphincter, wliich separates the cavities of the mouth and 
the stomach.” 

The number of eggs carried by the males varies between eight or 
ten and forty or fifty. Wyman found between twenty and thirty. 
The mouth and branchial cavitv were verv much distended, round- 


Fig. 33— A nearly mature foetusof natural size of a sea catfish 
or Tuchnunne. Alter Wyman. 


ing out and distorting the whole hyoid and branchiostegal region. 
Some of the eggs even partially protruded from the mouth " in one 
of Wyman’s fishes. But. with the exception* just noted, “no young 
or eggs were found in the stomach, although the mouth Avas crammed 
to its fullest capacity.” 

Tlu' length of time during which the eggs are retained Avithin the 
mouth is unknown, but it must be considerable. Before the period 
of OA iposition both males and females in India ‘‘ are said to be so 
fat that the curry made Avith them resembles that made Avith pork; 
i)ut after sAviiuming about for a feAv days Avith their mouths full of 
eggs.” the males become, according to Boake, dry and insipid." 
Eventually they may become quite emaciated. Boake thought that 
the ovigerous stage lasted for “ a period of some weeks.” Perhaps 
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the best evidence us to the ovigerous period has lieen furnished by 
the Xetinmi harhiix or tornmei xunii^ a species very abundant in south- 
ern Brazil, where it is known as the bagre. II. von Ihering (1889) 
tells that in the Ivio (Ti-ande do Sul the spawning season is the late 
spring and summer — that is. during Xovem))er. December, and Jan- 
uary. The eggs of this species, by the way. have been declared to be 
the largest of any known Telcost. being about three-fourths of an 
inch ( 17 or 18 millimeters) in diameter. 

But. although most of the Tachisurines are probably oral egg car- 
riers. all are not so. one making a peculiar kind of nest and another 
being declared to be viviparous. 


A FRE.SII-WATER TAfTIlSl'RTNE. 



The northern Australian fish generally known as Arh/x rmstmlix, 
but which some modern systeniatiAs woidd call Hexdjiemutiflitkys 

nKxtralix, is a nest 
maker. l)ut malces a 
nest different from 
those prepared by the 
glanis and the Ameri- 
can catfishes. 

The species is an in- 
habitant of the Hunter 
River. Richmond Riv- 
er. and the Boyne, and 
it was in the last that 
8iemon found it in 
abundance and first 
noticed its nesting hab- 
its. By the English 
colonists it is called 
jewfish, and by the 
native blacks bolla. 
Inasmuch as jewfish is 
better known in con- 
nection with several 
other fishes, bolla may 
be a d v a n t a g e o usly 
used. The fish has 
the general ajipear- 
ance of the familiar 
sea catfishes and slender fresh-water catfishes of America, but the 
upper surface of the head or casrjue from the interorbital region 



backward 


is thickly sprinkled with fine bead-like granulations. 
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The color is iiiiifonu bliicki>li above and silvery on the sides. It 
reaches a size of about IS inche". Its nestiiij; peculiarities have been 
described by Kichard Seiiion in his work entitled '• In the Australian 
Bush" (1891), p. l'.)()). 

The holla was found by Seinon to ro'^ort to "flat, sandy, and stony 
parts " of the river. " under a rapidly passing current." to spawn. In 
^uch places, in August — that is. in early spring in northern Austra- 
lia — Seinon " found munerous light-colored circles of about a yard 
across.” On looking more closely he "often noticed a fish : wimining 
about inside this ring. and. as it seemed, occnipied with a work of im- 
portance. On e.xamining the ring itself, which has a lireadth of about 
eight inches.’’ he found that it^ light color v. as " due to the removal of 
all stones, large and small, from its surface. They had lieen carefully 
carried into the inner circle, so that the surrounding ring shows the 
gleaming white sand of tlie river bed. bare of every pebble. The ring 
'hows no other peculiarity. 4’he innei' circle." how(»ver. excited his 
interest. At the top lie found x'veral layers of big stones, among 
which nothing was to be discovered. 4'hese were succeeded by a mi.x- 
ture of small pebbles and coarse river saml, lieneath which followed 
the common river ground. At lirst Semon was unable to find eggs in 
an_v of these layers, though he closely examined them. Observation 
through the rapidly flowing water was. however, far from easy, and 
being sure that this was the depository of tin* eggs, he furtlier investi- 
gated the matter. lie took out a part of the gravel, cleaned it from 
sand by passing it through a strainer, and thu.s found numci-ous small 
eggs — ^small in comparison with the eggs of the egg carriers. Imt large 
in comparison with those of most fishes. Tlu'v had a diameter of 
about one-eighth of an inch, and were surrounded by a "closely fit- 
ting tegument." 

The manner in which the nest thus observed is made has been 
explained at length by Semon ; 

When depositing its €-g,gs and liuiidins: its nest, tiie fish goes to work in the 
foilowing way. It iiegins liy prei>ariii.g a bedding about half a yard in area, 
consisting of gravei and sniaii pebldes. among wiiicli it dejaisits tiie spawn, 
which is instantly uiilted iiy tiie male. After this it covers up the eggs by sev- 
eral layers of bigger stones, thereiiy preventing tliem from being washed away 
by the stream or iieing carried off by water-l.irds fond of tiiis kind of caviare 
or by marauding little tishes. The material for this defensive .structure is derived 
from tiie above-mentioned ring, which thereby becomes devoid of ail stones and 
gleams brightly in its sniootli garb of whip' sand. It is wonderful to oiiserve 
the accuracy of tiie fish's handiwork and the iierfect circle descrilied by the 
ring. So far as I coulil see. the fish moved the bigger stones liy imshing them 
along with its tail. 

The whole affair shows a very clever arrangement, the eggs thus Iieing well 
shielded from enemies, well ventilated by the current and even tmitccted against 
being mud-stifled (save in case of a downright flood i. 
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sepposi:d viviPARors catfisiies. 

Besides the two modes of care for the progeny already noticed, it 
has been claimed that there is a third kind of j^rovision for the young 
by at least one of the American Tachisuriiies. Evermann and Bar- 
ton Bean, during a visit to the so-called Indian River of Florida in 
1S96, “were convinced" that the sea catfish, known as Gah'u-ldhijs 
felis, " is ovovivi 2 Jarous." They urge that. " according to the testi- 
mony of comiietent oliservers among the Indian River fishermen and 
dealers, the adult females of this catfish are found filled with well- 
develojied young in ^larch, each rolled up in a ball and the balls 
connected in a long string." In the ojiinion of Evermann and ( lolds- 
borongh (1902). “while the technical descrijjtion is a tritle faulty, 
the evidence imints very strongly toward the ovovivi 2 )arity of the sea 
catfish." 

It is jiossible, however, that the “ Indian river fishermen and deal- 



ers " confused the contents of the abdomen and the mouth. (Vrtain 
it is that males of the (ralcicldliijK or carry 

eggs within their months. 

Another siipj^osed viviparous catfish is an inhabitant of South 
American rivers. It is the lau-hui. declared by R. H. Schomburgk 
to be. “next to the jiirarucu, the largest fresh-water fish of (luiana." 
It is, according to that author (Fishes of British (juiana. I. 194). 
‘•remarkable that the young of the lau-lau are excluded from the 
ovarium into the abdomcTi. in which state they might be likened to 
the yolk of an egg. in which the two sjjecks of the eyes, tlie mouth, 
and fins, are. however, observable. If a lau-lau shoidd be taken when 
near parturition, in consequence of fear the eggs j)ass off." A Mr. 
Hillhouse “ assui'ed " Schomburgk that " he had repc'atedly juit the 
eggs in a glass of water, where they hatched themselves, and the voting 
ajjpeared with a large yellow protub(>rance on its belly like the abdo- 
men of a chicken just hatched. AVheii left to nature, the eggs are 
hatched in the abdomen: and when the young are excluded, they 



PAEEKTAL CAKE AilOXG EBESH-WATEK EISHES. 


455 


swim in large shoals over the head of the mother. Tu case of danger, 
the mother opens her month, and the fry find a safe retreat in the 
thorax." 

If this statement conld be relied on, viviparity would be proved, 
but it is at least possible that the ohjervers. seeing the eggs out. as- 
sumed that what had really come from the mouth had issued from 
the abdomen.' Anyway, fry that had found their way from the 
moutli into " the thorax " would not find it " a safe retreat." The 
species has not been described or illustrated in such a manner as to 
be intelligible. Mr. (’. Tate llegan. of the British Museum {in Jiff.), 
thinks that " the,lau-lan seems to he an .1/v'uv.’" possibly it is the 
Xeftijnii J)/i/‘f)ii.s. Another possibility is that it is related to or the 
same as the gigantic ])irail)a of the Amazons (Pirafiiiqn filanivnfo.sa). 
One objection to the last suggestion is that the flesh of the lau-lau 
is said to be " delicious. l)oth in the fresh state and when dried; " in 
fact, the “ fl('sh is so much esteemed, that it is considered to be one 
of the ties which binds him who has once tasted it forever to the 
region wheia' it is indigenous." On the other hand, the flesh of the 
piraiba, is indigestil)h' and even dangerous: in the words of its 
monogi-apher. E. Oilldi ( l'.)()l, ISS). “a came do Piraibi e tida por 
])esada. indigesta. perigosa mesmo com a coutinuacao." As British 
Ouiana belongs to a nation endowed with scientific investigators, we 
may hope soon to know what the lau-lau really is. 

The Plotosids, or catfidies. of southern Australia have been also 
claimed to be viviparous and they at least make provision for the 
care of their young. In the report of the Iioyal Commission to ex- 
amine into the fisheries of New South Mhiles. it is asserted that in " the 
fresh-water catfish " {(’<ipiP<)</ltnii.'< f<in(J<nni,‘i) , “ as in most if not all 
of the Sif nrithf. the ova are fertilized by the male fish before leaving 
the body of the female, and both sexes seem to tmite in the subsequent 
attendance on the nest in which the ova are deposited.” The intro- 
mission of the semen among Siluritls will be new to ichthyologists 
and physiologists. 

In fine, wliile it may be improbable that there is viviparity in 
Silurids. it is not im[)ossible. and these popidar beliefs should lead 
to a candid investigation of the subject. 

Sir.l IUNES. ICTAIA lilNES. PIMELODIXES, AND TACIIISIUUN'ES 

All the fishes now referred to are related to such a degree as to 
form a gi'ou[) called the family of Silurids by naturalists. It is the 
largc'-t aiul most comprehensive family of the order of Xematognaths. 

" [ii another place (I, p. 114) Sctioiiiliunrk merely alludes to the “ yonns: off- 
spriiiir. which swim in shirals ahoiit [the parents], and in ease of danger enter 
the largo throat of the mother." 
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about eight hundred species being known. The form is more or less 
elongated and the trunk naked, at most plates existing only along the 
lateral line. The head is either naked in some or shielded in others, 
but with the opercidar apparatus well developed. The mouth is 
normal and has simple lijis; maxillary barbels are conspicuous: 
the dorsal fin. when developed, is near the head and has a spine, but 
in some is atrophied or entirely suppressed. Coincident with these 
are certain osteological charactei-s which reenforce the family value 
of the group. 

The European spc'cies belong to the subfamily of Silurines, which 
are distinguished by the great length of the tail a»d anal fin and the 
advanced position of the anus as well as the small or atrophied dorsal 
fin; there is no adipose fin. The species are confined to the Old 
World and are numerous in Asiatic and African rivers. 

The Xorth American species repn'sent another subfamily- — Ictalu- 
rines — distinguished by the moderate length of the tail and anal fin, 
the submedian position of the anus, the well-developed dorsal fin and 
spine, and the presence of an adipose or fatly fin along the back of 
the tail: the barbels are eight in number, the usual maxillary and 
chin being supplemented by a pair of small ones close behind the 
hinder nostrils; further the two pairs of nostrils are (piite far apart; 
the palate is toothless. Catfishes of this kind are nearly confined to 
North America, few species extending into Central America and 
northeastern Asia. Between thirty and forty occur in the streams 
and lakes of America. 

The South American and most of the Mexican species are closely 
related to the North American, and have the same form and fins, but 
there are only six baiiiels, the nasal being absent : as in them, however, 
the anterior and posterior pairs of nostrils are far apart. 

The marine catfishes. designated as Tachisurines or Ariines. ditfer 
very little from the preceding, having essentially the same from and 
ju'oportious as well as fins, but the two pairs of nostrils are close, 
together, there are no nasal barbels, and the palate is armed with small 
and (len-ely crowded teeth. Numerous species inhabit tropical seas 
near the land, and a few enter fresh-water streams. 

.Vll these are closply related and thus may be brought together in 
this connection. Another subfamily is more distant. 

THE DORADINF.S OF .SOHTH AAIERICA. 

Next may be noticed KSouth American Silurids (Doradines). espe- 
cially distinguishable superficially by the existence of a single row of 
plates along the sides, and thus separated from the other groups of 
the family to which they belong as well as from the Callichthyids, 
with which they are often confouiidetl by the natives of the countries 
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both inhabit, tlic Calliclithricls haring two rows of plates interlock- 
ing along the lateral line. The Iforailines have also the branchial 
apertnrc's separated below by a wide i.sthnins and the gill apertures 
correspondingly narrowed. The true dorsal fin is well developed; 
the anal fin is short: the air bladder is free in the abdominal cavity. 

OiK' of the speci(‘s of this group — the llathead hassar [Vorux han- 
— has long l)een celebrated from the account of John Hancock 
( 18-28) as one of those fishes which possess the singular property of 
deserting the water, and travelling overland. In those terrestrial ex- 
cursions large droves of the species an- fre([nently met with during 
v(>rv dry seasons, for it is only at siich periods that thev are com- 
pelled to this dangerou' march, which (-xposes them as a prey to so 

manv and such various enemies. lien the water is leavino- the 
•• & 



pools in which they commonly reside, the yarrow ” (a species of Enj- 
fhr'ut'ix, probably E. uiiltdiiintux) and the roundhead hassar (Uop- 
ioxtrniiiiii lifforult) "bury themselves in the mud. while all the other 
fishes perish for want of their natural element or are picked up bv 
rapacious birds, etc. The flathead hassars, on the contrary, simulta- 
neously (juit the place and march overlaml in search of water, travel- 
ling for a whole night, as is asserted by the Indians, in search of their 
object." Hancock, by experiments, ascertained that "they will live 
many hours out of wati-r. even when exposed to the sun's ravs.'’ 
This endurance is j)romoted by the narrowed gill apertures and the 
i-loseness Avith which the gill covers can be pressed to the sides. Thev 
have also, according to Jobert. a development of sanguiferous papillte 
to the intestinal canal serving for aerial respiration analogous to that 
noticed in Callichthyids, but less complete. 


SJI ioo.j 



458 


PARENTAL CARE AMONG FRESH-WATER FISHES. 


Long ago Hancock described the niovenient of the flatheaded has- 
sar of Denierara (/trtiy/.v h(Ui<no],ii) . A friend informed him that on 
one occasion he and his family “ fell in with a drove of these animals, 
which were on their march over land to a branch of the Pomeroon. 
They were ^o numerous that the negroes filled several baskets with 
ihose they picked up." Their movement^ "over land" have been 
compared to tho-e of " the two-footed lizard. TIk'v project them- 
selves forward on their long arnir^ (the stout pectoral spines) by the 
elastic spring of the tail exerted sideways. Their progri'ss is nearly 
as fast as a man will leisurely walk. The strong scuta or bands 
which envelop tluur body must greatly facilitate their march." Han- 
cock thought. ill the manner of the ])lates under the belly of ser- 
pents, Avhieh are raised and dej)ressed by a voluntary power, in some 
measure performing the ollice of feet.” 

iTuler ordinary conditions, the flathead. according to Hancock, 
" fretiueuls only the fresh water of ])ools. lakes, and rivers, lives bv 
suction, and on aipiatic in'ccts, and grows to about a foot in length. ’ 

No iletails of the courtship atid ])arental care of any Dcnanlint' have 
been pulilished. All that is Itnown is what Hancock ( isgs) has told. 
" Both " of tlie species of Xematognath' which he noticed as " species 
of hassar" — the Ihnas and Ihii.hixti I'tunii — "make a regular nest;" 
the nest of the Ho/v/.v is made "of leaws " while that of the IIoplo- 
nfrniitM is made " of grass; " the eggs arc' laid " in a flattt'iied cluster," 
and covered " over most carefitlly." Like the ronmlhead. the flat- 
heads " lay their eggs oidy in wet weatlu*r.” Afterwards the. parents 
are said to " remain by the 'ide of the' nest till the spawn is hatched." 
It has been especially asserted that " both the male and female " share 
in guarding the nest. " steadily hatching the spawn and courageously 
attacking any as~aihint." 

THE KAAI) OR EI.ECTRIC < ATITSII. 

AlmO't all th(' membei-s of the Nd'inatognath order have stout dor- 
sal and pectoral spines, lait the electrical cattish, like other electrical 
fishes, is entirely deprivi'd of spiui's or dermal armature of any kind; 
its electrical iiattei'v replaces all such protective devices and is more 
than a compensatory substitute. Th(' family Mahqiteriiridte " has 
been proposed for it. The liody and head are eiitirelv naked and 
imariiied. tlie mouth is tc'rininal, the barbi'ls are like those of the 
typical catfislics. a tru(' dorsal lin is wanting but then' is a large adi- 
pose on the hack of the tail far behind, the pectorals are lateral and 
unarmed, and tlu' veiitrals submedian. 

"Ttic |in>]''‘r name uf Mal:iiiteriii'itl:e is TiiriieUiiiKla*. (See Free. F. S. Nat. 
Mils., X.W'i, I'iii:;, UU7, uus. 
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Th<' electrical or electric catli''h i> the only g-enerally recognized 
^pecie^ of the faniilv. although '-everal iit)ininal >pecies have been 
ltroj)osed from time to time. Another name by cvliich it i'- knocvn is 
raad, raa-a.rd, or raada. This name, by which it i^ generally known 
to the Arab ndternu'n of Egypt, means thunder, and thus the natives 
have connected the tish with the phenomenon coincident with the 
effect which Europeans indicate in tin* name (('lectric catti-h) which 
they have given. Ivaad is an excellent name, and that w ill be used 
here. 

The raad is indeed especially noteworthy on account of the nuiiark- 
al)le development of the electrical appai'atus and function. .Vn indi- 
vidual no longer than a hanilV length can gi\'e (|uite a disagreeable 
shock, as the prcsmit writer can testify from pi'fsonal experience. 
" Iloth the director and some of the keejiers. having receivi'd strong 
electi'ical shocks from comparatively small lishcs in the aquaria of 
the Egyptian Zoological (laialeii'. cared not "to exjierience how 
powerful a shock the large ffsh could give'." 



Fit;. ;;7 — li.uul <»L’ ek-ctrit (..ith'>li i Aim* litmk^nuer. 


In the tvords of h'ritsch ( b's'.i:!). tlie raad or MidaptiriifiK lielong' 
"to (tuite a different category from other electrit’ lishes." "A trans- 
verse section of the ^vhole fi-h shows the diff’t'rence at once. The body 
of the animal is enveloped in a very thick electric skin, constituting 
one electric organ. Muscular tissue is nowheri' deficient, other histo- 
logical elements must therefore have fundshed the material for the 
electric plates, which are packed vtuy close in the lozenge-shaped com- 
ftartuK'nls of the skin." 

In more detail. Erancis (lotcli (in Isn!)) explained the structure of 
the electrical organ: 

It is situated in tlie skin enclosint; tlie wliole Iiedy of tile fisli, and lias a beau- 
tiful and eliaraeteristie annearaiuv when seen in inieruseoiiie seetieiis. Each 
iirijan consists ef rows ul eoinpai’tinents. ainl tcieh eoiniiartineiit has sluiu: 
athwart it a jieeuliav nriitoiilasiiiie disi- shajied like a peltate leaf, with a iinijeet- 
ini; stalk on its caudal side. X'erves emer e.ich eoniiiartiaent. and end, aeeordiue 
to the recent work ol F.allow it/., in the st.ilk of e.icli disc. P.y these nerves 
neiw ous impulses can readi the ontan : the arrival of stn-h impulses at the 
iK'fve terminations evokes a state i-f activity which is assoi i.-ded w ith the devel- 
o]inieiiT of elei troiiioi ive < haraes of consider. dile intensity constituting the oraan 
shock. The shock is an intense current tr.iversiua the whole oraaii from head to 
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tail auii i-fturninj; tlii'on?h the surroundings: it stuns small fish in the neigh- 
lK)rho<jd and ran he felt by man, when tlie hand is iilai od near the fish, as a 
smart shock reaching up the arms to the shoidders. 

Tlie seeker for further iiiforiimtioii iihiy find it in the article on 

'Fhe electric fish of the Nile.” hy Professor (rotch, in the Proceed- 
ings of the lioyal Institution of (iroat Britain for iMarch IT. 1899 
(vol. 1(1. pp. 114-11.“)). 

The raad has a wide range through Africa and occurs not only in 
the Nile, hut in the other great rivers, the Kongo and the Niger, 
besides many smaller intervening streams. 

In a state of nature the raad attains a considerable length, excep- 
tionally as much as 3 feet, but is mature and capable of reproduction 
when less than a foot long. According to Forbes, individuals in con- 
fined (juarters or captivity scarcedy ever grow; ••most" of those in 
the Liverpool Museum — about 6 or 7 inches long — have rarely, 
though in excellent he:dth. grown much after iheir arrival." d'hc 
largest the present u liter saw in an a((uarium in Ijiverjiool was less 
than 8 inches long. In the aquaria of the Egyptian Zoological 
(lardens. however, the director reported (190.“). p. -JT) that s])ecimens 
•• increased in length and girth during their stay in captivity.” (Ine 
which died in Fehruarv. 1!»0.T). had attaineil a length of 174 inches 
and a weight of over 3 pounds (3. -2 pounds), after having lived nearl}' 
two years (since April, 1!>03) in the aciuarium. 

• A nnmher of good oliservations were made on individuals living in 
the Liverjiool iMiiseum. by Dr. II. O. Forbes, iuid jmblished in the 
Bulletin (I. j)[). 2."). 29). ddiese we freely draiv u]ion. For the most 
time and •• when in good health the raad lies sluggishly on the bot- 
tom. rising to the surface only for the purpose of feeding or when in 
expectation of being fed." 4'hose in the Egyiitiaii a(|uarium •' ap- 
pear to spend nearly the whole day lying motionless on the bottom 
of the tank, from time to time lla|)ping their pectoral fins.” In cap- 
tivity in Idverjiool they •• thrive well on and take with avidity com- 
mon earthworms, boiled liver chop|)ed up. and occasionally a young 
trout from two to three im'hes in length." Its power of vision is very 
limited, although it has '• small, sparkling, diamond-point-like eyes." 
hut their optic nerves are ••extremely attenuated," when compared 
with those of '• other fishes of corresponduig size.” Its behavior in 
being feil is characteristic. 

If ;i wdi'm he <h-o]i]ie(l into the tank to f;ill wriitslinfr to tht' bottom, the J/a- 
Idlitminis rarely, if ever, sees it. A few moments, liowever, after the worm 
has f.illen tlirmieU thi‘ water, the fish iH'comes smlitenl.v atiitiated, appareiitly 
throne'll its olf.-u tore orit.in. or. perhaps, hy its h.arliels (lete<-tina the unihila- 
tioiis comiminiiMteil to the water; jimt lieaiiis turning raiiiill.v al)out with tensely 
extemleil .-hkI vilii-atins liarhpls. keenly ((iiarterim; out the tank in iiuest of the 
un.iti). whose jn*(‘senee it has laaoim. sensihh' of, 'the souj^ht-for oh.ieet is. 
liowever. as a rule, iliMotereil without its eoiiiiim into actual contact with the 
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fish's tactilo oral friiifje. Tlio woi'in. oiu-o disr-ovcred.* disappears in a flash down, 
the catfish's throat liy suction and is usnaily not seen a,itaiii. althouiih some- 
times it is Ijroiifjht up to be parti.aliy masticated. On the other hand, the ijres- 
ence of a youm; trout in tlie tank is not. it w<juld seem, iletecteii in tlie same way. 
or so (juickly as a worm or a fragment of liver, it more often discovers itself 
to the Mdlatittriini^. by coming in contact with its body, when .'t is instantly 
liartially disabled iiy an electric discharge, and iiouneeil upon, when it likewise 
disappears in the same manner as tiie worm. 

Another of tlieir ehitraeieristifs atherted to hy Follies is a spirit 
of pugnacity carried to an extreme which renders their assemblage 
in an a<[iiarinni dangerous to some of the individuals and reipiire 
them to be kept isolated in separate tanks." 'J’he individuals in tlie 
aipiaria of the Egyptian Zoological (Tardens were comparatively 
peitceable. .Vccording to tlu‘ director (]!)()."). p. "besides the two 
Malaptertiri " kept in one tank were "several ‘ bolti." Tlluphi nilo- 
t/i-fi." and " neither species of fish appear.s to in any way interfere 
with the other." According to Forbe.s; 

Allhiiugh suiiiinsed tn be immune t<i each <itliei''s electrical dischar.ges. tlie I'ol- 
lii.wing iihservatiim wuuld seem to throw some doubt on whether this be really 
the I'ase. On one occasion tlie partition between two halves of a tank, each 
lontaiinng a Miiliijittriinis. becoming fatilty. two strong and healthy fishes 
managed to get together, and were found by night watchman on his hourly 
rounds, fighting with each other. .Vd.iiisting the partition, he returned the com- 
batants to their seiiarate lells. On his return, however, an hour later he 
found till' barrier had again slipped, ami both fishes were in tin* same eom- 
partiiK'iit. but one w.is dead. On e.vamination no external in. irks of violenci- 
were visible, and we can only suppose that the stron,ger fish had killed its 
neighbor by a powerful electrii-al shock. 

The raad is apt to kdl olf other lishe.s of corresponding size that 
encroacli on its territory, althongh this is not always the case. Tt mav 
also make use of them in a way which reminds one of the attacks of 
jtegers on gulls and their coiise(|iiences. One was confined in an 
aquarium in Liverpool with a Clariid catfish: it would not eat worms 
offered to it directly, but after the Clariid had taken them, it xvould 
give its companion a shock which had tlic result of eiuising him to 
vomit the worms recently taken, and these the raad would appropriate 
for his own use -with an o[)en countenance. 

Sounds, deserihed as being " not unlike the hissing of a cat." wi're 
heard to issue from a raad in captivity hy a sister of William .Sfireii- 
sen. when staving at Maiisonrah on the Nile. " 4'his appeared some- 
what strange " to Sdrensen. but after he had dissected the fish, lie 
" could easily account for it hy tlie long, narrow ducts through which 
the air has to pass from the antei'ior to the postei'ior chainber of the 
air bladdfU' " ( ISib')). 

The maniu'r of reprodnetion of the raad is std] liukiiown. Tlu' 
eggs are rather large, having a diameter of a eouple of millimeters. 
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l)ut it i' not known when or how they arc laid. 4’he ti^liornion of the 
Xile a?-<ert that the fry are earried in the mouth (d‘ a parent. 

Xaturaily a ti-h ])o>'-e>,'ed of ^neh reinai’kahle attril)nte> the raad 
iittraets gt'iKTal attention, and mn>t he at lea't tolm-ahly well known 
to most of the inhahitant' of the eonntry in who^e waters it dwells. 
The sjiecie,-' was known to the ancient Kgy])tians. and, aeeording to 
txoteh, it was delimaited on the interior wall-- of Ti, estimated to have 
lived li\ e thousand years before the Christian era. 

It was doubtless used as a remedial agx'iit fi’oin early times. An 
Arabian physician of tin- twelfth century des(Tll)e<l the t'tl'ects pro- 
duced by the fish. It was described likew ise in a couple of ehatiters 
in lCr2.“) in " Pnrehas, his Pilerime'" ( pp. US:-;, l.tf,")). undei- the 
name of torpiah). Its efecti'ical power is made use of for sanitary 
and invigorating purposes i)y the African nati\es. who share with 
many of their European brethren the belief that electricity has 
peculiar efficacy and restorative virtiu's. A child may b(> put into a 
tub containing a raad ami kept for :i time in spit(> of its yells and 
cries, by the mother, who saeritieos her tendern(*~s of feeding to the 
desire for the widfare of ln>r offsjndng. 

Xot all the niiti\es in the country of the edi'ctrie eatiishes are fa- 
miliar with or know of their ])ow<'r. Ignorance is sometimes dis- 
played wlu'fe it would lie least e.xpected. One of the* party of a 
Belgian eiffie'ial in the Kongo State on one eiccasion jdayeel ti prae*tie*al 
joke on his ••e'hef:" a gooel-sizeel lish was caught ami earried alive 
to the* Keingei chef: he* took it iitul, knife* in hanel, jire-pareel to skin 
it, hut as seieiii as his knife* temi-heil the* skin the* man expe*rii*need a 
sheie-k which evokeel shrieks eif ama/.e*nu*nt ami pain anil hurleil him 
to the grouiiel, where he* re*maineel prone* ami bewihlereil foi* some 
time. 

THE e* Ai.t.ie'nrirYjns. 

Tvelateel to the Siliirids. but feirniing a p<*e*nliai* faniilv. is a greiup 
of fishes re*srrie*te*d tei treipie'al .Vme'rii*a : it is that of the C'allie’h- 
thyids. 

The ILissai's or C'a'e*aehiras. eitherwiso eleimminate*il the Callieh- 
thyiils. have ;i supe’rficial rese>mblane-e tei the* catfishe*', but are elistin- 
guisheel freim thi*m. as eve*ll as fi-eiin all either iishi*s. by a peculiar e*oat 
of mail compose*il of lateral I’ows eif narrow vertii*ally exteneled 
plate*s. twai rows on e‘ai*h side. whie*h inte‘rloi*k rdong the* late*i-al line 
anil cove*r ceimpletely the* sielc'. The* head has a special syste*m of 
[date's, and the icpere'ulum is wt‘11 ele>ve“leipeil : the* mouth is inferieir 
and siiiiill and the* inte*rmaxillary bone's mue'h re*diuce‘il in size: the 
leiwe*r lip is eve-rti'il: the* maxillary ijai'bels doul'leil; the elorsal fin is 
anterior anil has a strong spine. and a spine aPo fronts the aelipose fin; 
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till' pectorals are low and horizontal and al>o ^pinifcrou<. From 
tropical American streams about 30 specie^ have heen obtained. 

The typical Callichllivids of the genera C and Iloplostcr- 
runn are mo>t at home in >treams with a muddy bottom and in the 
shallow ditcher and pooF of mardie-'. In such places they may con- 
gregate in considera!)le uiimhers. and when the water is low mav he 
i-eadily caught with dii)p('r< T)v pails and even with the hand. When 
so disturbed they are ajtt to express their feelitigs by rumhling or 
grunting sounds. At all times they may come to the surface of the 
water from time to time to take in gulps of atmospheric air. and 
these emergences become more frepuent with the lowering of the 
water. At length, if the water entirely disappears, the resort to 
atmospheric air supplants a(piatic respiration, and a ettrious cotuple- 
meiitarv mode of respiration is siihstituti'd for the normal branchial 
method, ddiis was discovet’ed by a French jthysiologist — Professor 
Jobert — who visited ISrtizil in 1ST7 and ISTS and tmdertook sotne in- 



vestigations at the instance of the Emperor. These were favorably 
reported on by a sjtecial committee of the French Acailemy of 
►Sciences of w hich Milne Eilwards was the moitthpiece. 

Like the common loach of Europe, according to the reporter, the 
typical Callichthyid “ freciuently swallows bubbles of air. partly ab- 
sorbs the oxygen from tlumi by the M alls of its digestive tube, atid by the. 
same course excretes carhonic-acid gas. which is afterw ards evacuated 
by the anus mixed w ith the unal>sorbed nitnigen." There is, in fact, 
‘•a complementary res])iration analogous to the [)ulmonary respira- 
tion of the terrestrial vertebrates, but having its seat in the intestinal 
canal." Jobm't also "ascertained that in the ('iiUi<Iifhjis this tube 
presents in its anatomical struettin* peculiarities in (•onuectitai with 
this excejitional function." In "the sublaminal jnirtion of the in- 
testine " are developed a " multitnd(> of filiform appendages arranged 
in tufts on the fret' surface of the mucous membrane and composed 
essentially of Idood vessels." It is these "sanguiferous appendages 
of the intestinal coat of < itlVii-hiliijx" that "serve to maintain an ac- 
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cessory aerial respiration in the^e atpiatic animals." The atmospheric 
air is “ introduced by deglutition into their digestive tube, traverses 
that canal throughout its whole length, and. after escaping bj’ the 
anus, produces a sort of continual bubbling in the water." The 
bubbles thus evacuated contain " a large proportion of carbonic 
acid," and are " naturally less rich in oxygen than atmospheric air." 
By “ studying anatomically the vascular tufts which clothe the walls 



yn.. nnmt pf.vloial' After JJoiiIviiK* r. 


of tlie inte'^tine in which the air. in passing, lo^es oxygen and lie- 
comes charged v ith I'arbonic acid, M. dobert a'^certained that many 
of these sanguiferous appendages originate from adjacent veins, in 
the same way as the atl’erent vessels of a lung." 

The habits of two species of very ditferent genera — 
and (’ori/Jo/r/.y — have lieen made known. The cliief of these, at least 
so far as size and economical importance are concerned, is Ut>p- 
lontevnum. This comprises fishes with a broad liead high-arched 
above and separated from tbe antedorsal plate by the intervention of 
two nuchal plates, and the jilates behind the head (cienosteons or 
proscapnlas) are broad and continued downward to the breast, where 



till. 40 . — Ilophi'^h j nufii tumU'. shtiwiiiij jtlates fin and head. 

the ])air are separated by a narrow nakc'd area. There are more 
cliaracters diHerentiat ing thi“ genus from others, but thosi> given are 
sufficient to distingLiish it from its iieaivst ivlative. ( 'ii/i/c/if/u/x. the 
name-giving genus of th(> family. Four sjiecies of TLipluxtfnniia 
are known, the iiio-t iiortliern Ix'ing the II. tltfurujc, which extends 
from 1 riuidad and Ouiana to the llio I’lata. 
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The most generally known English name for any species of Iloplo- 
hteriiinii i^ Ha^sar. which, however, it shares with very different 
species of the family of .Silurids — the Doradines. The etymology 
and origin of this name is nnknown. In the great New English 
Dictionary (Murray's) it is supposed to he of South .Vmerican origin 
(" I native South American name ”). but this is doubtless a mere sup- 
position based on the fact that it is current in a South American 
country ( Denierara ) . According to John Hancock (18-28) it is 
derived from the “Arowaks." Another name having some currency 
m English is one that may be often heard in the Dritish island of 
Trinidad. In that island the common sjiecies is generally known 
as the tV/.sY7/c////vn which i^ a survival from the time of the Sjianish 
dominanc(' in that island. This has l>een traiishited as " hardhead." 
but it evidently refers to the st-gmented or articulated appearance 
produced by the two rows of high and narrow ]ilates which cover the 
sides, the Sijanish word ('uKradurd nu'aning "an act of bursting or 
breaking asunder." 4’he same ffsh is also 
called qu(‘ (pu' by tite lu-grot-s of l)emei-ara. in 
imitation of the noise it makes when taken om 
of th(> water, -whicli. it is considered. " much 
rcstanblcs the cry of a rat. 

The roundhead hassar {Ilnplo-dci'iniin I'ltta- 
roh ) was supposed by Hancock to rtuuain a.iul 
bury itself in the mud of the pool which WU' 
dr\'ing up. and he esiieciallv stated that it was 

\ ' . I FUu 41 — Jhipln.'itf I fl}iin jtif- 

iiot *• known to attempt >uch (‘xeiir-ion-^ as the .iruumro 

flathead hassar resorted to. " althouifh it is cat)- ’■''oi-t .\itcr Hc.uIou- 
able of living a long time out of its element." 

A close rchitivc of the roundhetid. however, the Ciunbota of southern 
Brazil {('hH'k hthijs nxjx r). was the subject of interesting observations 
by an American resident in Bahia. .Mr. .Joseph Macvson. He had 
six sjtecinums of tlu> fish and kept them mostly " in a narrow-necked 
tin of water, with some sand tind luiiiulioca meal at the bottom, for 
five days." and they continued "tictive and vigorous," ilawson's 
specimens were not full grown, measuring only 2 to 4 inclu's (.I to 10 
centimeters) long. Occasionally he let them out of the receptacle, 
and once one got out without assistance. iMawson's account was 
publishc(l in Science for Deccauber 2.3. ISSO ( 1. p. 417). and is worthy 
of |)artial I'epublication here, especially as it has entiridy escaped the 
notice of all ichthyologists. 

I have bad tlieiii out in ttie iianleii several tiuies. 1 find that lliey move liest 
(.11 sinootb (tam]i arouiiit. and are embarrassed liy sticks or otlier ineuualities. 
They can .Ininp a little vertically. Imt their prom-css on land is effected entirely 
by .-1 ipiick wriityliia; motion of the body, which is noarl.v fiat ttixm the ci-,innil. 
The l)aired tins tpectorals and ventralsi are extended laterally and seem to bear 
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little if any weight, liut tliey move slightly and appear to serve to steady the 
liody. 

On one occasion an individual displayed mncli activity and gave 
Mawson a good ojiportnnity to observe its peculiar movements. 

Last night I heard a peculiar sound, and on looking around 1 saw one of the 
tish travelling about the room. He had eseaiied from tlie tin wliicii was in my 
liedrooni. had fallen from the table to the lloor. and travelled along the corridor, 
about 12 meters (about to feet) to the siiUi. I watched him travelling for 
two hours, during which time I estimate that he moved at least 90 meters. 
Toward the end of the two hours he seemed to flag a little, but in the earlier 
jiart his method and spieed were fairly seen. He seemed to start with a sudden 
movement of the head or the barbels, then wriggled briskly for .5 or 10 
seconds, advancing about a meter. 'I'hen he would rest for about 10 seconds, 
and start as before. This was ke]>t up during the whole two Imurs. and I 
left him still moving. This morning, live hours later. I found him dead. While 
he was moving I spilled some water on the floor, but he crossed it : hence I 
concluded that it w;)s mud rather than wiitcr of which hi* was in search. The 
fish are eaten and considered good food. 

Many of the has.^ars bury theiusclves in the mud as the stream in 
which they have lived dries up and are al.ile to survive quite a jiro- 
tracted dry period, rcx iving when (lie rains again till the depressions 
with water. 

The roundheaded has^ar of Demerara {IIopJoKft r/ii/m J/ftoi'alc) is 
one of the earlie.'t fishes whose in'st -building habits have been de- 
scribed. 'When it \\:is generally asserted by naturalists that "no 
fishes are known to take iinv care of their otf-jiring.” from far-ofi' 
Demerara John Hancock, an Knglish surgi'on resident in that colony 
during the second quarter of the last century, in 1820 sent " Xotes on 
some species of fishes and reptiles.'' ami among them were observa- 
tions on fresh-Avater fishes vhich he called ha'-sars — one kind, the 
flathead, a Dorux. and anotlu'r. tin* roundhead, the nfiploxh'rinnii 
littonde. The latter ivas claimed to assiduously guard its eggs and 
young. The sexes, it Avas asserted, cooperate and nudve a regular nest, 
formed of grass, in which " they lay their I'ggs in a flattened cluster, 
and cover them over most carefully." 

According to Hancock, too. " they lay their eggs only in Avet 
Aveather." He had been " surprised to obserAe the sudden appearance 
of numerous ne-ts in a morning after rain " had occurred, “ th(> sjjot 
being indicated by a bunch of froth. Avhich apjiears on the surface of 
the water, over the nest ; beloAv this are the eggs, placed on a bunch of 
fallen leaA’es or gra^s, ' which the fishes " cut and collect together. 
By Avhat means this is eft'ected." he continued. " seems rather mys- 
terious. as the -pecies are destitute of cutting teeth. It may jjossibly 
be by the use of their serrated arms, which form the first ray of the 
pectoral fins." 

The ii(‘'l building Avas later (in 188(i) described bA' Captain VijAan. 
aaIio observed the same species in Trinidad. He had a pair confined 
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in an aquarium; anil they commeiu-eil to make a nest in June. Oiii' 
l)e<>uii on June <> and another on June !• ” they soon pulled to pieces. 
On the night of the 11th they began a new one. It consisted of pieces 
of VaJixnerht . all the leaver of the Xi/mpli/it/ that were growing in 
the taid^. Avhich thi-y bit otf close to the roots of the plants, and a 
great quantity of river mo'-s {Fniifiiiiilis (infSpijn'ttrd) . each piece be- 
ing two or three times the size of the fish, so that they must have had 
hard work to bring them to the surface. They worked these ma- 
terials together by some mucous substance until the outside was hard, 
the whole being under a quarter of an inch thick. They next buoyed 
up the structure with a quantity of mucous foam until it was raised 
41 inches above the water. The whole nest was 9 inches long and T 
inches Avide. and somewhat resembled a fingei’ glass turned upside 
down on the to]) of the water, with the interior Idled Avith froth." 

The process of ovipositiou is especially interesting and is essentially 
the same as in a distant relative — the f 'u/gi/mv/.v — Avhich otherwise 
differs much in habits. According to Viitan. the hsh kept sAvimming 
close under the nest, "all the time on their backs, and filling it Avith 
foam. IMien finished, on the lifth. the female shed her spawn be- 
tween her ventral fins, which were clasitod tight together, and AA'hen 
full swam to the nest. and. turning on her back, dejtosited the spaAvn 
in it. This occurred several times, the male each time putting the 
spawn in its proper itlace and covering it Avith froth." 

The subsequent behavior of the pair must cither vary considerably 
or one of the observers must have assumed more than Avas justifiable. 

After the ne^t is made the female dejAO-its her eggs in it. Then, 
according to Hancock, she stays about it and shares Avith her mate 
the care of it. The tAvo. says he. "remain by the side of the nest till 
the spawn is hatched Avith as much solicitude as a hen guards her 
eggs, both the male and female hassar — for they are monogamous — 
steadily Avatching the spaAvn sind courageously attacking any assail- 
ant." This devotion is often taken unfair advantage of by the 
negroes and the fishes are caught by them "by putting their hands 
into the Avater close to the neA. on agitating Avhich the male hassar 
springs furiously at them and is thus captured.” 

Captain Yipan's account is more consistent Avith the facts known 
respecting the care of the nest-- by other fishes by the father fish onlv. 
According to him, " as soon as the female had drop])eAl all her spawn 
the male took entire po'-se^sioii of the neT and Avould not let his mate 
go anyAA here near it. and treated her so badly that " he " had to place 
her in another tank to save her life. Unfortunately the spaAvn was 
not good, only a feAV eggs hatching and the young fishes dving soon 
afterAvards."’ 

The only other Callichthyid Avhose breeding habits haA’e been 
described is a species of the geiius ronjiloraif. This has been estab- 
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lished for species with a comprcs?,ecl head upraised into a narrowed 
ridge and with the supraoccipital plate continued backward into a 
narrow process and connected behind with the antedorsal nlate. 

The amorous dalliances of the sexes of the Cdi ijiJorun Avere observed 
by Carbonnier and described by him in ISsO in a very entertaining 



ri<; — Voiinlomb munHomtUb. Steiiidiiclini'i 


style. Allien the reproductive season arrives males and females 
give striking' evidence of it. Tlie males assemble in groups of three' 
to five and. to use the expression of Carbounier. disjiort tliemselves 
in ([uite a ft'verisli maimer ("maniere toute febrile") and apparently 
practice a kind of mutual excitation. All this lime the female 
.swims slowly and gracefully near the group and in a lively manner 



Sliouintf (uiiiii.Ttion ui oiMTjmal 
wall pib'ilursil lnitkltT 
l'i<;s 4.'1. 44 — Co! yilom.s ntfinnomtu^. 


ShoWltilf '•klll-ci .VtTc'l Idea''!. 

Aft(*r Stomdiuhnei (*7!)i. 


agitates her barbels and lips and courts the attentions of the males. 
Icxcited at length by their own actions as well as those of the female, 
the males dart toward her. some pressing against lu'r sides and ivildly 
disporting themselves there, and others on her back. At length one 
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liv the bony >pines Avitli which the pectorals are armed. Then he 
huo-., lier vitrnrously. and without letting go >lidev around to the lower 
surface of her head. In this position he forcibly emits his milt along 
the abdomen of the feniahc 4'he feinah* i'^ ready. As soon as she 
had i)cen seized by the male she had l)rought t(>gi>th(‘r her two ventral 
fins and by their expansion formed behind the ovarian outlet a cavity 
or sort of bag in which the ('ggs and sperm are to be received. Very 
soon aftt'rward' a few eggs are expelled and lield in tlu' extem- 
porized r(‘ce])tacle and then fructified by the spermatozoa already 
lodged tlu'i'e. The set of egg' has al)oiit live or 'ix. and these the 
female holds for soiih' minuti's in tlu' pouch just noticed, d'lien she 
goes in search of a jjhice to de{)osit her eggs. Her choice generally is 
a widl cl(‘ai'ed ai'ea, perhaps a ston<‘ projecting out of tlie water. She 
deal's with her mouth a spot at lea't four or 'ix inches (tim or fifteen 
centimeters) below the hwel of the water: then applying her abdometi 
to the spot she opens her pouch, [lai'ting tlu- ventrals. attd Hxi's her 
eggs, which Ix'come attached by the viscosity which envelops them. 
All th(' (‘ggs bc'ing tints disposed of. she again ajijiroacln^s the males, 
attd the same iirocediire is gone through with forty or fifty times inthe 
course of a day. 4'he tiutnber of eggs thus jirovided for is abotit 
it.in. As polyandry is indulged in by the female, it is not likifiy that 
any provision (except that jtist noticed is made for the later eari' 
cf tlu' eggs by eitluu' tiiale or fi'tnahe 

The absetice of a special nest is al'O vouched fur by Captain Vipan. 
who. iti iSiSti. wrote that lu' had "bred grtait (ptantities " of the 
Cori/dnjuis " frotn the .Vmazons. but they tiever made the 

slightest attetnpt at tnaking a la'st. always depositing their spawn 
all over the tank and even <111 the Hoatitig tlun'inometer kejit in it." 

In the island of 4’rinidad. where speeio' of three genera li\e. the 
largest of the Callichthyids. called cascadura (IlnpJiixtirhinii Viffo- 
nilc). is so highly esteenu'd that a [iroverbial expression has arisen — 
" He who eats a cascadtira will die in the island."" ddie ambiguoits 
phrase is interpreted to mean that if one goes away he will rettirti to 
satisfy his appetite for the fish. The pi'eseiit writei' has not been 
ath'cted in that manner. 1 h‘ could not aipuVciate much, if any, 
stiperiority oveu' the In'st of the common .Vmerican catfishes. In other 
]ilac(‘s than Tritiidad. too. the fish ap[)ears to Ix' highly r<\garded. 
Hancock wrote of the Demerara fish that "the llesh of this hassar is 
yellow, firm, and very savory, especially este(‘med by the creoles in 
their sou])s." whose conpxisitioti is descrilx'd bv him at length. 

"An analogous in'iivci'li is prov.-ilent in (luiana in l•ollne(•tion with a cattisii 
culled Faruilia. (Fee R. t.j.").) 
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THE IXmlCAEIIDS. 

The stiirgeon-like eatfishes. or Lorirarihh, are isolated on account 
of the form and the complete investment with longitudinal rows 
of angular dense plates. The mouth is inferior, below a projecting 



snout, and has large everted li|)s; the bai’Inds are incons])icuous; the 
dorsal is anterior-; the pectorals ar-e inserted low dowrr and orr a level 
with the irrferior surface of the breast, and the dorsal and pectoral 
tins have rtrarginal spirres: the verrtrals are more anterior in position 
than in other Nerrratogrraths. .Vjr adipose tin is genm-ally represerrted 
by a thirr membranous rirlgo with a spirrelet in fr-orit. but in rirany 
geirera is wantirrg. and. irrdeed. it has beetr foirnd in orre sjrecies to be 
of so little sigtrificarrce as to be pre-’Ont in some individuals atrd absent 
in others. tSuch are the most noteworthy e.xternal char-acteristics. 
but those of most frrrrdarnental irnportarrce art- deeper seated and to 
Ire found in the skidl arrd the vertebral colrrmrr. It would, however, 
entail too iruich technical kttowledgr* to ai)])reciate them. Anyone 
who wishes to ascertairr what they are nray do so by consulting ‘‘A 
nronograph of the tishes of th(‘ fatrtily T.or icaiiida-." by C'. Tate 
Eegart. published in IbOt in the Traitsactions of the Zoological 
Society of London. The illustratioirs. as well as the text, are rrn- 
irsually goorl. 

The Loricariids are pecitlrar to tropical America, and about two 
hitndr-ed species have been rdr’cady obtairred and described, d’hey are 
more interesting to the naturalist than the general student and have 
little or no economical valui. Very little is known of their habits. 
They are bottom tidies, living chiefly, but not only, in streams with a 
muddy or sandy bed and at moderate deirths. 

iMarked sexual differences are fretpient in the sjiecies of Loricariids. 
Eegan (11K)4). indeed, has aptly indicated that "the differences be- 
tween the M'xes in certain genera are vc-ry remarkable." The dif- 
ferentiation is generally in the direction of increased spinescence or 
th(‘ developiiK'nt of sti'onger spinc'- and bi-i'-tles in tlu' males than in 
the females. It is also nolewoi-thy that an increa-e of size ajipears 
to be generally correlated with the assumption of the secondary male 
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characters. Tliis larger size of the male than the female is. in fact, 
the rule among fishes when the male distingnished by salient charac- 
ters. such as increase of armature or hrilliancy of coloration. (See 
p. 109.) 

Practically nothing- exact is known respecting the breeding habits 
of any of the specie-^ of the family, Imt doubtless they will he found to 
be of extreme interot if we may credit the ideas of Prof. Louis 
Agassiz. That eminent naturalist, during his ichthyological exjilora- 
tion of the Amazon in 1805, made ci-rtain observations which should 
stir u]i naturalists of tropical America, where species of the genera so 
abound, to make diligent hunt for them during the breeding season. 
.\.ccording to Agassiz, sonu' of the LorUiri/iv carry their eggs in folds 
of their everted lips, while others, of the genera Plecoxtomus or 
II ypostoni !/■•<. actually sit upon their eggs like liirds. These state- 
ments were made in a letter to Milne Edwards from Manaos. Brazil, 
and published in the .Vnnales (h's Seienees Xaturelles (5. ser.. Zook, t. 
5. p. g-2S). Agassiz's exact words are: " L’autres especes portent leurs 
o'ufs dans les plis de leurs levres. telles sont les Loricaires; d'aiitres 
les convent comme les ( liseaux. tels sont les Hypostomes." It is prob- 
able that the Hypostomes or Plecostomes, like tlu* American catfishes, 
may naally I'Cst upon or close to iheir eggs for a time, but freciuently 
rise above to fan and agitato them to give them the benetit of fresh 
air. 



Lips of female 

riGN. 40, 47, 4S . — Loricatiii spixit After SteiucLichuor. 


Xo further information was published by Agassiz respecting the 
oviposition or embryology of any Loricariid. (fnly an incidental 
reference to the rearing of the young of Syngnathids is given in his 
Journey in Brazil ( 1S('>8. p. -239). and the remark is adde<l that it is 
only matched by the equally curious incubation of the eggs in Lon- 
(■(//•id." F. Steindachner. however, in ISSl. in his description of the 
Lorienfid xp/.r/l. noticed tin* great develojunent of the hinder or 
lower lip, especially in the male during the breeding season, and the 
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ilclaptation for a brood-pouch of the interj-jiaee between it and the 
under-'ide of the head.'’ 

Typical bpechuens of the Lurkoiii spick in the Vienna Museum 
were reexamined by Friedr. Siehenrock in i!)04, and he informed 
Mr. R('gan that Steindachner's " statianent was based only on the 
structure of the lip, which seems adapted for such a purpose." but 



fiv. l'.>. — An ally^eU cnrelaker. Ilrttiuin* u-s bi (uhinu its. Kiier. 

that none of the s])eoimens in the Vienna Museum diow eggs in this 
position. ISiel.ienrock and Regan were ai)parently not aware of the 
fact that Agassiz had made the statements already quoted in this 
article. Eyen if eggs had been found as indicated, howeyer, they 
might haye become accidentally lodged there. We may repeat, then, 
that practically nothing exact is known la^specting the breeding 
habits of any species. 


l'n;s. .">0, T)! — Ih I'^fi ns h) nrhifut us. Aftor Knur. 

It may be objected to the aboye statement that a detailed and 
graphic account of the nidificatioii of a typical species of the family 

" Das liiiiiei'e Se;:el ist siets stark eiitwickelt. lushesoiulere aber liei Miiimclien 
zur Knitzeit voii aiiffalleuder I.iiiitte, tiiul dieiit bei letztereii zuiii Sehutze der 
Eir. die zwisclien deni liintereii Mmidse;rel mid der Hnterseite des Knjifos zur 
FaitwiekUme eelangeii. — Steiiidacliiier. Ds. K. Aka<l. Wiss.. M.-N. Cll.. 44. p. b. 
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has been given in the volume on fishes of " Brehm's Tierleben.” 
(1879, p. 1892. p. 243). and that special reference to the same 

species as a remarkable nest builder has been made by Dr. R. Semon 
in his " Zoologische Forschungsreisen in Australien und dem jMalaj'- 
ischen Archipel " (II, 1895, p. 273), as well as ‘“In the Australian 
Bush." etc. (p. 19ti)- 

The account in the " Tierleben." however, is due to some confusion 
on the part of the compiler and is in no way descriptive of a Lori- 
cariid. The names " Chitto.sfoDiuN pictus. Callichthys und Ancistrus 
pictus " are associated in Brehm's Tierleben with a diagnosis partly 
referable to the fish named Cliatoxtonixs pictus by Giinther and 
partly to the one called CitUic/rf/ii/s pictus by Muller and Troschel. 
The description of the nest is entirely derived from Schomburgk's 
notice given in connection with the Caltichtlujs pictus. etc. The two 
fishes have nothing in common but the name pictus and belong to 
entirely ditferent families: the former, now named Hem itnicistrus 
hruchyurus. is a Loricariid. and the latter {IlopJosteruum tittorale) 
a Callichthyid, whose habits have been noticed in the present article 
in the proper place. 

IVhen an able naturalist like Semon is misled by a popular work, 
such as Brehm's. it is time to correct the mistake. It may be added 
that in the first edition (V. p. 037) the paragraphs copied (with 
alterations) from Schomburgk’s work are rightly associated with 
daViehthys {''pictus'"). but in the second (VIII. p. 200) as well as 
third edition (VIII, ]). 243) they are given under the head of Chcetos- 
tunius pictus. 



Figs. 5-, do. — An Aspretlinid. Bunoct hicolor. Alter Steindacliner. 


THE ASPREDIXIDS. 

The Aspreetinlds are the most specialized of the Xematognaths. 
The body is more or less elongated, especially the tail, and the head and 

a Schomburvk. Iticliard: Itei.sen in British Guiana in den .Jaliren 1840—14, IT. 
pp. 411, 412. The nestdmiidiii^ hai)its are noticed undei’ name V. coclatiis. 
but C. pictus is said to have similar habits, 
sji l!X)o 34 
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forejiart of the back are much depressed; the usual opercular bones 
are lu’csent. but rudimentary : the mouth is inferior; the intermaxil- 
lary bones are remarkable for being placed in a longitudinal instead 
of transvei-se direction; the unarmed dorsal is far forward; the pec- 
torals are horizontal and each armed with a very strong spine. Only 
a couple of dozen of species are known. A sjiecial interest attaclies to 
species of this family on account of the very peculiar care taken of 
their eggs by some of the species at least. 

Tn all the other Xematognaths, so far as known, the care of eggs 
and young is devolved chieflv if not entirely on the male parent, but 
those Asprcdinids whose gestation is known (and that of four species 
is) act quite ditferently and in a very remarkable manner. 

As long ago as tlu' eighteenth century representatives of the family 
had been described with small globular bodies pendant from the 
breast and those were supjtosed to be distinctive of a species named 
therefore dsyuvc/r; roftih' ; their function was unknown and 
not even guessed at. Xot until nearly a century later were they recog- 
nized as eggs. 

Even th(> gii'at aiul learned ichthyologist Valenciennes had no con- 
ception of their true nature. As late as 184-2. in his chapter on the 
genus Aiipredo. he wrote as follows; 

A certain nuiiilier of iudiviUuals in eacli species (of As])re(lo) are roinark- 
al)le for singular aii|ien(laires on tlie undersUte of the thorax and alidoinen. 
and whicti. after the few observations which I have been al)]e to inako. aiipear 
to indicate a certain state of tiie femaie. I Iiave not seen them in the maies and 



tile feniahs do not li.avc tliem at ail times. They first appear as pores on the 
under and naked snrface of the trunk : and these enlarge and swell into tul>er- 
'li's, wliieli suliseiiueiitiy elongate into lilainents. and tlie extremity of each 
filament is <lilated into a small ciipule.'' 

It was in this state that Bloch saw them in an individual with six cirrhi. and, 
taking them for speeitie eliaracters. name<l the fish PUityatacus cotyloiJhorus. 
But I have seen tlie same apjiendages in three species. Artedi. in the text of 

“Cuvier and Valenciennes. Hist. Nat. des Poissons. T. XV, p. 430. 
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Seba, had already described two .species, to which we now add a third. .Vll 
three live in the waters of Guiana and this is ail we know of their habits.® 

Xot until years later did Prof. Jetfries Wyman, of Harvard Col- 
lege, give a true explanation of the cause of such excrescences. In an 
able article in the American Journal of Arts and Sciences he re- 
viewed the history of opinion and, after giving the description of 
Valenciennes, remarked that — 

From the preceding paragrapiis it does not appear that Valenciennes had 
supposed that tlie so-called " cupules ” were intended to contain or h,-id con- 
tained ova, especially as he had previously exitressed the belief that the Aspre- 
dos, in consequence of the large size of the eggs, were viviparous. The true 
use of the appendages in question relates to the development of the eggs, as 
the following description will show. The habits of 
the fish are well known to the fishermen, from one of 
whom Mr. Green obt.iined information with regard 
to their peculiar mode of gestation. After many in- 
effectual efforts we at last succeeded in procuring 
the specimens on which the following observations 
were made, and Jlr. Green has kindly presented to 
me some very fine ones from bis own collection, with- 
out which this notice would have been much less 
complete.* 

In the montli of .Tune the eggs ;ire found adhering 
to the underside of the body, to tlie ventral and i)Oc- 
toral fins, and e.xtend as far forward as the under 
lip and as far backward as tlie middle of the tail 
[fig. 5.5], In some, however, tlie distribution is mui'h 
more limited. I was unalilc to learn anything with 
regard to the transfer of tlie ova from tlie genital 
orifice to tlie point of tlieir attaclinient. Tlie only 
organ which seems in any way adapted to sucli a 
purpose is the slender and tle.xible tail terminated 
by a delicate caudal fin. It is tiossible that the eggs 
may be deposited on the bottom of the river and sub- 
sequently attached by pressing the underside of the Fig. 55.— .l.-pio/o f.o is, female- 
body upon them. with eggs uttauhed to under, 

In those individuals where the ova were still in the 
ovary, but approaching maturity, the inte.gunients of the underside of the body 
gave no other indications of the changes about to take plai t' than of being quite 
vascular. The skin was perfectly smooth, no "pores" were visible, but a large 
vessel was seen emerging from the region of the liver, and descending along the 
median line gave off branches quite freely to the integuments. This may have 
some relation to the future develo|piiieiit of the peilicles which suiiport the eggs 
and perhaps to the nutrition of the embrvo as will be adverted to beri'after. 

In all the specimens which I have had an opportunity of examining, the 
egg.s were either somewhat advanced or quite mature, so that no observations 

a Cuvier and Valenciennes, Hist. Nat. des Poissons. T. XV. p. ddd. 

* See an account of the habits of the Aspredo b.v Mr. Green in the Proceedings 
of the Boston Society of Natural History for Aitril, ISoS. [This was not pub- 
lished.] 
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could be made on the earlier conditions of the egg and the formation of its 
pedicle. The i)edicle is a flexible outgrowth from the common integuments, 
is al)out two lines in length, is attached to the skin liy a slightly expanded 
base, and spreads out at its summit into a shallow cup or " cu])ule.'’ for the 
support of the e.gg. It is cointM.)sed almost entiiely of fibrous tissue, invested 
with a layer of tesselated epitheliuui. In some instances when the eg.gs were 
but little advanced, numerous fusiform cells were detected among the fibers. 
It is vasi-ular. two or three vessels reaching to the cup, where they ramify 
and form a somewhat extended capillary plexus Iflgs. .It) and 57], 
The eggs vary according to the degree of development from 
(i.on to O.l.-) of an inch in diameter, and are covered with an 
e.xterual homogeneous membrane, containing minute puncti- 
form depressions — within this is a second, of a brownish color 
and compo.sed of e[iitheliuin. The embryos which were the 
most advani-ed and just ready to hatch, had not as yet com- 
pletely alisorbed the yolk, and were coiled up within the mem- 
branes, which in conseipieuce of thi> irregularities of the mass 
formed by the cmliryo had no longer a spherical form. 

The eggs are retained in connection with the cup apparently 
by adhesion alone, for as soon as the foetus escapes, the e.gg 
membranes become very easily detached from the pedicle, and 
this last as shown by some of tlie specimens undergoes 



Flo. .■itl. — .1(1- 
I anrnf cdo 
earariviih pedi- 
cle of iitiavl- 
Dieiit I 1 I . 
.Vfter tVymuu. 


alisorption. 

The relation of the eniliryo to the parent in this singular mode of gestation 
can not be determined very accurately, but the vascular jilexus in the cup 
seems to lie more tlian is necessary for the mere nutrition of the part. The e,gg 
increases in size during incubation, those ova in which development had but 
slightly advanced ineasurin.g from 0.00 to O.lt of an inch in 
diameter, while those nearly mature ineasurt'd from 0.14 to 
O.!." of an ini-h. How this increase of size of the emliryo over 
the original siz<‘ of tlie egg is actually obtained I liave no facts 
to show, but ('ithcr of two suppositions is probalile: it may 
lie liy ali'orption of materials from the water which surrounds 
it. or from the capillar.v plexus of the pedicles, and in this case 
in a manner analogous to tliat of I’ipa. 

Even iniw nothing is known of tiie mating or court- 
ship of liie fi.shes. Various attempts liave been made 
to expiain. however: the iatesf and most proiialiie ex- 
pia nation was pubiisiieti liv Vaiilant in 1S!)S. Tiio (‘jccfs, 
after Lx eing laid and feeiindated. luive a giutiiious in- 
vestment. and when tlie breast is pres.sed over them 
they adhere to it. It is the layer of the eggs — tlie female 
that ])resst>,s tlie breast over tlie eggs. Irritation of the 
skin is set up tlieii, and at the point of adhesion a 
proiiiinenee arises, which becomes a sort of peduncle expanding into 
a ciipiile embracing the proximal surface of the egg. It reminds one 
of a niiisiirooin with its stalk and liead. In due time the eggs are 
hatclied and the sliells or envelopes of the eggs may be left attached 
to the mudiroom-iike expansion, or “oophore,'’ as it has been named. 
I iiiallv tliese casts fall off also, the expansions become button or bead 



Flu. 57. — A'ipi^do 
pf.di<-U\ showing 
ca[dllary pit xiis 
(xS). AftorW}'- 
man. 
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like, and at last all disapjiear and tlie skin resumes its normal asjiect 
for the time being. The adhesion of the eggs to the skin is analogous 
to the mode of oviposition of the celebrated Surinam toad, but in that 
animal attachment of the eggs is made to the back. 

Xothing is known of the subsequent behavior of the mother or chil- 
dren. and of course not of the embryology. 

THE .SrYPIIOPIIOEF.S. 

In Africa, but in tropical and subtropical Africa alone, are found 
numerous species which have a peculiar physiognomy bv which they 
can be at once recognized and which have anatomical characters that 
contrast with those of all other hshes. The most important of their 
characters are shared in common with the normal Malacopterygians, 
and therefore they may l»e placed in the same order; but the distinc- 
tive characters are sufficiently important to have led some ichthyolo- 
gists to differentiate them as a suborder, which has been named Scy- 
phophori. or. in English. !4cyphophores. 

The Scyphophores are Malacoiiterygians with a deep cavity on 
each side of the cranium between the stiuamosal. epiotic. and exoc- 
cipital bones, which is covered in a lidlike way by a thin scalelike 
suprateniporal bone: without an opisthotic and without a symplectic, 
and with the premaxillaries united. The lirain is remarkiibly devel- 
oiied. Furthermore, tlu' opercuhtr and otlter Itont's are concealed by 
the skin, the branchial tipertures are narrow and lateral (being in 
front of or above the level of the pectoral ffns), and the jaws are not 
protractile. 'Fhese characteristics impart tlie physiognomy di'tinc- 
tive of all the gi-oup. The species of the group are very unequally 
divided by structural characters, a single species being contrasted 
with all the others. The single species is the type of the family of 
Gymnarchids, while all the rest belong to the family of Mormyrids. 

The brain of the Scyphojffiores is (‘xtraordinarilv developed and 
superficially very unlike that of any other fish. Some of the older 
anatomists thought the cerebrum was like a mammars. Ildien 
divested of its most salient peculiarities, however, it has " very 
nearly the same structure as in ordinary Teleostean fishes." The 
chief distinction is the develoj)ment of "an immensely developed 
tuberosity of a rounded shape immediately above the medulla ob- 
longata and behind the cerebellum,'' Avhich "appears as a new develop- 
ment superadded to the usual elements of the Teleostean brain,"’ 
and which was designated in ISS‘2 by Samhus as the " tifhcrciil am 
Another peculiarity is the development of "a fungoid 
growth taking place from the region in front of the cerebellum; 
we may then imagine this growth to burst tlirough the fccta lohi 
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opt(< i. forcing them asimcler, reiiressing them to the basal part of 
the brain, and then to spread out in all directions, cov’ering over and 
concealing ever\' one of the remaining portions of the brain."’ So 
Sanders explains the structures in question. With these exceptions 
the other parts of the brain have very nearly the same structure as 
in the ordinary Teleostoan fishes."’ 

The iMormyrids are interesting for another reason : They are of 
the number of electric fishes. On each side of the tail are peculiar 
muscledike structures which were named “ pseudo-electric "’ long 
ago. and which the researches of modern physiologists, especially 
Babuchin and Gustav Fritsch. have demonstrated to be real electric 
organs. These organs are in the form of oblique bands (like the 
muscular segments from which they are derived), composed of small 
columns perpendicular to their axis. They have little efficiency 
comjiared with the electric apparatus of the electric catfishcs. but 
they are electric all the same, and they are developed to such an 



Flu. 5.S. — Pit) ocvpiuiluss bunt. After Ucuffruy Saint Ililiare. 


cxttMil as to lar^'oly replace muscles. Fritsch, in 1S9H, demonstrated 
that a transverse section of the tail of ilormyrus shows no con- 
spicuous muscles, but in j)lace of them electric tissue filling up the 
entire s]iace occujiied by muscles in ordinary fishes. Of the mus- 
cular apjjaratus there is nothing left except the longitudinal tendons 
passing outside the electric organs from muscles placed anteriorly. 
If these tendons were cut across the Mormyrus would be unable to 
move its tail."' 


THE MORMYRIOS. 

The .1/0 /■)/i prills are numerous, about 1'20 species having already 
been discovered in the fresh waters of the “ dark continent."’ A 
caudal fin is always manifest and the vertebne are in moderate num- 
ficr — 17 to (>4. An imperfect electrical apparatus is developed from 
tlie caudal muscles. The species vary much in the form of the snout 
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and the extent of the dorsal and anal fins. The osteological and 
cerebral variation is also great and the differences between the 
ordinary forms (^lorinyrines) and the genns Petmeephuhix are 
so many as to have led to the isolation of the last as a distinct 
subfamily type. Kepresentatives of the ilormyrines occurring in 
the Nile were reverenced by the ancient Egyptians, and various myths 
were connected with them. 

There is a great range of size in the family, and (‘ven rather 
closely related species may represent extremes. For example, the 
largest of the family {Moitiiijropii ih-7!eio>sux) 
sometimes becomes five feet long, while a con- 
gener of the same fauna (J/onn i/ropx parrii.s) 
may lie sexually mature when less than five inches 
long. 

The food of the iNIoianyrids naturally is deter- 
mined by the means for obtaining it. Those with 
a relatively larg(‘ mouth are able to secure fishes 
and moderate-sized crustaceans ; those with mouths 
of reduced size are limited mainly to small crn-^- 
taceans and worms and the larv.e of insects, sniijilemented by decay- 
ing animal and vegetable matter and some live plants. Boulenger 
thinks that the species with prolonged snouts make use of them to 
})ry out animalcules which have found refuge between stones or 
which have buried themselves in the mud. and that the ffediy ap- 
pendage at the tip of the lower jaw is a tactile organ by means of 
which they are assisted in finding their food. Some, indeed, seem 




to lu-efer deconijmsing matter, and among such i-- the Murin if rttpx 
ddh which Delhez declared affected putrifying animals in the 

midst of the water weeds where they occur in large numbers; 
especially did they congregate in the neighborhood of encampments, 
where refuse matter of all kinds was iTumped into the water. But that 
very species exercised a rather wide range of choice, for Peters and 
Boulenger found in stomachs the remains of fishes and crustaceans. 

The longest, if not the best known, of the Mormvrids is the Cas- 
chive {Alormyrus iuachh'c) of the Nile, which, however, is by no 


480 


PARENTAL CARE AMONG FRESH-WATER FISHES. 


mean? confined to that river, but also occurs in the Gaboon and 
Kongo. Caschive is the familiar name in use among tlie dwellers 
along the lower Nile, although it is likewise applied by them to other 
species of the genus. In ancient times it was known to the Greeks 
as the OxyrJii/nchus, and numerous representations of it and related 
species have come down to us from classical times on the monuments 
and bronzes which are the handiwork of the ancient Egyptians. 



Pig. 01. — nnathoncmii-'i After Oeoffroy Saint Hilaire. 


The sjDecies of so large and diversiform a family must naturally 
show considerable differences in habits, and es 2 )ecially in the selection 
of “ stations " or grounds, and little is known about any. Several, 
however, have been confined in aquaria at the Egyi:)tian Zoological 
Gardens and some data about them have been published in their 
rej)orts for 1903-1905. Some (Monnynis kanmune) sj^end the day 
lying quietly on the bottom; " others {Crnatlinnemns iftidori) spend 
most of their time in midwater. Avith all their fins and tails in per- 
petual motion, but occasionally, for a short time, they Avill lie on the 



bottom of the tank Avith fins motioides.-^." Still others ((rndthonemus 
eyprihoiden) "usually k(>ep moving about the bottom of the tank, 
the lAcctoral and tail fins being almost constanth’ in motion, the 
other fins being only occasionally used." The kaimunie, or abu boos, 
and GnafluHn'inuK have "‘a curious habit of sAvimniing backAvard, 
Avith tail leading, a habit Avhich reminds one of the G ijmiiurchiiK. 
■‘Like the G nathonciniifi'' the kanmune jirefers "the lower part of 
their tank: the j^ectoral and tail fins are moved most, but there seems 
less of the constant AvaA’ing of fins about this sjAccies than there is 
Avith the other two Mormvrids noticed here. 
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Some of the Iklormyrid^. e^peeially the kiiuiiume. are (juite pug- 
iiacious. Those in the Egyptian Zoological (lardens "tight a great 
deal among themselves, and several individuals Avhieh died from 
time to time during IdOd. it is believed, had been killed by their 
comrades, but latterly these tights have been less frequent." They 
still continued, however, durinij; 


and five were killed in the last year. 

All the Mormyrids in the Giza gar- 
dens were fed on "finely chopped-up 
earth Avorins." which they soon learned 
to look for daily. After nightfall tlu' 
kanmime esjiecially becomes " very ac- 
tive, searching energetically for food. 



Alien the light from a match or lamp -Utcr Oeoiirny suint mi.urc 

falls on them, their eyes shine very remarkably, sometimes white, 
sometimes gleamin<>- red." 


The iMormyrids appear to Ix' mostly more or le-s nocturnal in a 
state of nature, but in captivity most of them -oon learn to feed by 
daylight. Ihe representatives of the yf ouynj ropx how- 

ever, "are of very retiring habits, and spend most of the day hidden 
under the rock work of the tank, only coming out to feed at dtisk." 
“ It is intere.stiiig to s(>e " the kanuume "searching the bottom of the 
tank, e.vamining e\ery stone ami cai ity with their long snouts, for the 
pieces of chopped-up tairthworins which are daily put in for them to 
feed on." 


Ihey are liy no means tenacious of life, lait die (juickly after being 
taken from the water, and Fritsch had great difficulty in keeping 

them ali\e long enough for 
C his experiments with them, 

'v . In fact, he could not keep 

V j ''i'l tbem o\'er more than two or 

) i (1 three days at most. 

( ' \ 1 he nesting habits of a hsh 

— '' j ^ supposed to be a species of the 

1 y family { /I>/j>r/-optsn.s- hehe) 

^ Z' ^ were observed by J. S. Iludcett 

in IbOO. 1 he parent scoojis out 
depression of the bottom of 
' a swamp, lavinc- bare rootlets 

“'■‘'•’f- of wrasses wnm-inw in such 

situations, and to such rootlets 
the eggs are attached. The eggs are .slightly o\al and small, being 
about If milhinetei’s in dianiet(*r and of a velloAvish color Imt semi- 
transparent; they are hatched in about four days. The embryos 
" are then provided Avith four large cement glands situated on 
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the top of the head and two smaller ones on the front of the head.” 
.Tu-t as soon as "the larva is hatched it rams the upper part of its 
head against rootlets and. wriggling away again, draws out from the 
four cement glands four tine threads of viscid mucus, which are har- 
dened by contact with the water and form a minute rope about the 
length of the body of the larva. By this the larva hangs suspentled 
for four or five days until the yolk is absorbed. If the larva is de- 
tached meanwhile, a fresh rope is formed by a fresh secretion of mucus. 

While hanging thus, each 
larva continually oscillates 
tlie wlnde length of its body 
from side to side. In one 
nest there are many thou- 
sands of these larva' sus- 
pended in this way. pre- 
senting tlie appearance of a 
shaking mass of jelly, fur 
all the lame oscillate them- 
selves in unison." 

Flu. tV).— Larv.v ''iippB'-wl B) be tho«iL‘ of of tllG ilorillVricIs 
‘‘Vi'jpeiided from rn()tlot< ill the Alt*, r IbBlvett. ‘ » i • *n i 

are e^tGeinecl tor tlioir nesh 
and one. although a foul feeder, was named d/o/vcy/’o/cs del'K on 
account of the great esteem in which it was held. And. by the way. it 
is the largest of its family, sometimes reaching a length of even d feet. 
Such a ri'h. we learn from Boulenger. miglit command a jn'ice of 25 
francs ($5) at Boma. It is fished for chiefly at dawn and sunset. 

Such are the only facts yet known respecting the breeding habits 
of any of the Mormyrids." In view of the specialized provision for 
the care of the eggs in the bcbi' as well as in its eli^tant relative repre- 
fenting the family of (rvmnarchid-. it is i-easonable to assume that 
care for the eggs may be exercised by most, if not all. the s])ecies of the 
family. 



THE OYMXARCHinS. 

The (lymnarchids are closely relateel to the Mormyrids, but the tail 
tajier^ to the end and has no fin: the anal fin is also wanting (whence 
the name), and the vertebra' are very numerous (about T20). A 
single species — (iiinnK/rtJiiis niloticiis — was long well known as an 
inhabitant of the lA hite Nile, but in recent tinu's has also been found 
in the Senegal and Niger, as well as Lake (’had. 

” I am liy no mr.ms coiiviin eU that I’.uil^ett ^vas coiToet in his i(l(‘ntili( ation of 
the larval hsh lictired as the ‘*I;ir\a of ////y/rojpt.vas- lilt pi. 11. hg. 10) 

with that lish ; it is too unlike that of U yinuiiixhu'^. 
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The gymnarelius or suyo of the Gambian natives muiiifebts peculi- 
arities in movement in accordance with it^ peculiarities of form and 
structure. " It propeG itself through the water, not by the action of 
its i)aired tins, not by the motion of the tail or the undulatory motion 
of the axis of the body, b\it entirely by the action of its dorsal fin.” 
When the fi>h btarts forward. " the motion i' the result of a series 
of waves passing backward along the dofr-al fin. Aliout five such 



waves are passing at a time. .Suddenly the fisli will jiroceed at the 
same rate in the oppo-ite direction, and now the motion is the result 
of a series of waves passing forward along the dorsal fin. As the 
g;vmnarchus swims rapidly backward in this way it may be seen to 
guide itself through tlu' grasses by using as a feeler this peculiar tail 
which it possi'sscs. Thus it appears to be quite immaterial to the 



fish which way it progresses, and it always appears to swim in com- 
2 )aratively straight lines." 

The gymnaivhus makes a large lloating oblong nest, aliout d feet 
long and 1 foot wide on the outside, in the dense grasses of a swamj) 
and in wat('r 3 to 4 feet detqi. In one. e~p('cially descrilied by 
Budgett. “three sides of the nest i)rojeeted from the water; the 
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fourth side was several inches lower, being about two inches below the 
surface. The deepest part of the nest ivas 02 iposite to that side where 
the wall was low, the bottom being about six inches below the surface 
of the water." Such were the typical nests observed by Budgett. 

In one nest “ were deposited about a thousand sjiherical amber-like 
eggs 10 millimeters in diameter. The eggs hatched five days after 
being laid, and in eighteen days a thousand young fry." about three 
inches long, left the nest. They were then essentially like the 

adults. Many of the 
young were secured by 
Budgett immediately af- 
ter they had left their 
nest, and “ lived well on 
chopjjed-uii worms."’ He 
tried to take some to 
England, but every one 
died as soon as they 
‘‘ got into colder climes." 
The native Africans 

Fifd. 08 . — (iummnthiis wiltitnus, larva. 0 days after ^PDrOilcll tllGSP IlGsts 

hatchinu, bhowin^ lon;^ drawn out yolk-sac and . 

abundant oxternal ^"ill-tihuuents. After l>udi<ett. 'With cautlOll. stclt- 

ing that the jiareiit is at 

this time e.xtremely fierce and has a very formidable bite.’’ 

THE OSTEOGLOSSOIDEANS. 

In the fresh waters of various tropical countries are found certain 
fishes which have a general resemblance to some of the ganoids of 
old times, and one of them, at least, has a comjilexity of the lower 
jaw which is only pai-alleled by such ganoids as the Amiids and 
Leijidu-teids. The grouii containing such forms has been designated 
as a iieculiar superfamily — Osteoglossoideans. 

The body is elongated and covered with a system of hard scales 
having a jK'culiar .-culjjture. the field l)eing divided into many areas, 
resembling mosaic ivork; the head is e.xternally bony and sculjitured. 
and the imrietals intervene between the frontals anel siniraoccijiital. 
By some naturalists three families have been recognized for such 
fishes, but they arc generally uniteel under one — O.stctnjJoxshhv. All 
agree in having the intermaxillaries paired and in the possession of 
well-develo 2 )ed intero 2 )ercles and subojiercles. and thus dili'er from 
their nearest relatives, the dwarfed Pantodontids of Africa. The 
life hi-tories of these forms are little known, but two of the represent- 
atives of the group have been ascertained to he care takers of eggs 
and young, and very interesting details have been made known of 
one of them. 
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THE ARAPAIMA. 

The most gigantic fresh-water fish — of America, at least — is that 
best known as the pirarncu and arapaima. Scientifically it has been 
most aptly named Arupdinut <ji(jux, and it is the only species of its 
geiiiis. as well as family. In addition to the characters already 
noted, which it shares with other Osteoglossoideans, it has the belly 
rounded and not keeled, the dorsal longer than the anal, the ventrals 



Tig. go. — T he Pirarucu or Arapaima {Arapaima gigasi. 


far behind, postorbitals excessively diti'erentiated and extremely 
long, and numerous (about sixteen) branchiostegal rays. These 
characters, of inconsiderable importance by themselves, are the super- 
ficial concomitants of important osteological peculiarities which 
would necessitate too much technical detail for tlu' jiresent article. 
Those who would seek further information are referred to an article 
on the ‘‘ Cranial o-Aeologj' of the families C.v/copAi.v.svV/u', Panto- 



Fig. to. — T ilt* IMrarucu {Ampaima gUjus\. Head eukirtjed. Alter Valentieuues. 


dontl(la\ and Phractoln inkJaA' by W. G. Eidewood. in the Journal 
of the Linnean Society for 1805 (vol. '20. pp. 252-282. pi. 30-82). 

The pirarucu is known by this name, according to Castelnan, 
among all the tribes which live along the Amazon. The name is said 
to be a Guarani word meaning red fish. Arapaima is also a native 
name. 

The pirarucu is unquestionably the largest fresh-water fish of 
America, if not of the world, as has been claimed. It has, according 
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to Castelnaii. a meJiuiii length of about 8 feet (2.50 meters), and 
one of that size is said to weigh about 340 pounds (150 kilograms). 
Occasionally, however, a much greater size is attained. Schombnrgk 
“ was assured by the inhabitants of the Kio Xegro that they have 
caught some 15 feet long and of 12 to 13 arrobas (410 jiounds) 
weight." These accounts are obviously discrepant. If a fish 8 feet 
long Aveighs 330 pounds, one 15 feet long, having the same pro- 
jiortioiis. Avouhl Aveigh nearly, if not quite, a ton. Undoubtedl}^ 
Castelnau exaggerated tlu‘ Aveight of a fish S feet long; (schoiiiburgk 
more nearly approximated the truth by attributing to a fish " G to 7 
feet “ long a Aveight of " not less than 150 jiounds." 

The natiA’cs claim that the inotlx'r takes charge of the eggs and 
Avatches OA-er them Avith great care, protecting them especially cu/ainst 
the mdle. avIio seeks to devour them. " The young." it is further as- 



Fig, 71 — Thf rirar.ion {Araixtiuui enlai-tecl After Valenciennes. 


serted. " are protected by the imitJu-r for soiiie time after they leave 
the eggs." and they " >wim generally over her head." 

Both Ca-telnau and Schombnrgk reconl this belit'f of the natiA'es. 
hut it is pi'obalile they Avere misled by ))recourei ved notions and 
knoAvledge of what birds do. It is likely (hut not alisolutely certain) 
that the male takes charge of the eggs, as in the case of most fishes. 

Th(“ jiirarucii was ascertained by Agassiz (l.stiS) to be "found 
almost ev('rvwliere " in the Aniazoii Valley and to be " the most ini- 
]iortan( fish of the ri\(‘r. that Avhich, as food, corresjtouds to cattle 
for the j)oj)ulati(jn along the bank"." Castelnau reiAU'ds (1855) that 
its fie"h. supphuueiited by that of the manatee, "crves to feed the 
numerous " nations of that part of thi' AA'orld. Essentiallv the same 
conditions per'i"t to tin* j)resen( time. " V'heii fre-li it is (‘xcelltmt, 
and the belly luairly all fat. and it is the bell\' that is held in ttreat- 
est esteem. It is not alone as a fresh fish. hoAvever. that it is used. 
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Great numbers are salted and cured, and it is the object of a consider- 
able commerce. 

THE HETEROTIS. 

The best account of the nesting habits of any Osteoglossoidean has 
been given by the late J. S. Budgett. who visited Africa in 1900 for 
the purjiose of studying the life histories of some of that continent's 
remarkable fishes. Like the arapaima. IlcterotU is so distinct from 
all other forms that it has been set aside a< the tyjie of an independent 
family. Aliile it agrees ivith the arapaima and the Osteoglossids as 
to the characters already indicated, it has a rounded belly, the dorsal 
shorter than the anal, the ventrals submedian, the postorbitals con- 
tinuous in an even curve ivith the suborbitals. the mouth small, and 
the branchiostegal rays in reduced niimlier (seven or eight). The 
princijial characters, however, are skeletal modifications, especially of 
the bones of the back of the skull, and. more than all. of the e.xoccijii- 
tal bones, which furnish large accessory condyles for the first vertebra. 



Fii, 72. — The Ileterotis {lUtcrutis nUoticus). .Xfter Valenciennes. 


The only known Ilcferot/s. //. tuiofirii-s, is a large fish, occasionally 
even attaining a length of feet or more. A good idea of it may be 
obtained from the accompanying figure. 

The heterotis makes a very large circidar nesf, and, indeed, in some 
of the swamps of west Africa which Budgett visited, one of the most 
striking f(>atures was " the presence of numbers of enormou'- nests,'' 
which looked like “miniature lagoons," and which proved to be those 
of fof/x luJothiis. The “nests measured four feet in diameter 
and were made in about two feet of water." The walls were " about 
eight inches thick at the top and compact, being made of the stems of 
the grasses removed by the fish from the center of the nest." The 
floor was “ the swamii-bottom. and was made perfectly smooth and 
bare." 

Budgett once had the good fortune to see a “ fantami " ( such is 
the native name of the heterotis) mak(> a nest, and tells how it was 
done. " Tt v as circling round and rotmd the wall of its nest, every 
iKov and then throwing its tail upwards and outwards, tossing on to 
the top of the wall the debris fi’om the inside of the nest. Thus it 
toiled on until the Avail re.tched the surface of the Avater and Avas com- 
plete. AAlien the nest Avas finished fhe Avafer it contained Avas per- 
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fectly clean and clear, so that I could see with my water telescope the 
egtrs nearly covering the bottom of the nest. When all the eggs are 
laid the ti h leaves the nest by a hole at one side." 

The ne.-t appears to he used for at most four or five days. ‘ The 
egss. it was thought, were hatched in about two days. The larva' had 
long external blood-red gill filaments. 



As soon as they are released they strike out from the bottom, and, 
the day after hatching, " may be seen continually jta-sing up and 
down." The next day “ they cease to pass up and down, and converg- 
ing to a swarm about one foot in diameter, form a deep continuous 
circle remarkable for its regularity and ])ersistence. The swarm occu- 
pies the exact center of the little lagoon. The young fry, which by 
now have lo-t the long external gill filaments, are seen to be steadily 



Pio 74 . — Jlitirijth nilutiriis, larva, a clay aft^r hatvhini: After lUid^et. 

careering round and round, ever in the -ame direction, for at least a 
day. About the fourth day the swarm liecomes less persistent and 
regular, the larvie swimming first to one sid(' of the nest and then to 
the other, until about the fifth day they leave the nest by the exit for a 
few trial trips, attended by the parent, and finally leave it altogether, 
swimming hither and thither in a dense swarm, from cvhich the par- 
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ent is never far distant." Biidgett kept many of the fry for several 
weeks, but “ could not get them to feed and eventually they all died.” 

rilE l 3IBRIDS. OK MUDFISHES. 

The pairing and oviposition of Mudfishes or Umbrids has not been 
observed in America, though I had some for months under observa- 
tion. but P. Carbonnier appears to have succeeded in mating them and 
observing the behavior of a parent fish to the eggs and young. The 
fact, hoAvever. has been universally overlooked owing to his mis- 
naming of specimens. Tb> called them "la Fondide {FunduJa cypri- 
nodonta. Cuv.)." but no such name appears in any of Cuvier's works 
and the fish in question was ei idently not a FunduJtift, and there is lit- 
tle. if any. doubt that it was the common Mudfish (V mhvd pygmfea) 
occurring around New York. The reasons for this identification are 
given in Science for December -41, 1!)0(). 4'he article by Carbonnier is 
in the Buletin Mensuel de la .Societe d'Acclimatation for November, 
1ST4 (p 2 i. (i()5-()74). Tt seems that the female fish there described 
watches over her eggs " with a tender solicitude " during the fort- 
night of “ incubation." " Elle ecarte et emporte avec soin tons les 
sediments terreux qui ixairraient etre une cause d'alteration,” etc. 
For fidl details the original article should be consulted. The identi- 
fication here made should be confirmed bv observations on living 
fishes. The habits of tlie s^iecies are of unexiiected interest. 



Fig. T'-i — An Ophioceplialid, Ophioa phalitti a/ricanua. After Steiiidaeliiier, 


THE OTHIUC’EPIIAEIDS. OK SN A IvEHEADS. 

The old Eomans had a way of expressing incredulity by reference 
to nature, but they were not always happy in so doing. Horace took 
as the acme of im23robability the existence of a black swan — ixmi avis 
■in terris; yet all the swans of Australia are black. Seneca would 
'' go a-fishing in the sea," and contrasted with such a natural course 
another: "There are many things in this 2 Jlace will come into thy 
minde, which a man may term after a merry sort, both incredulous 
and fabulous, that a man should go and fish with his pickaxe and not 
with nets and hookes." 

But with pickax and siiade may the 02)hioce2ihaloid fishes be 
sought in India. The bed of a 2 iond or even a river that a25pears to 


SM 
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be barren on the surface may harbor a few inches below quite a 
harvest in the shape of fishes which have found their way there for 
refuge from the drought. It is this group of OphiocepHalids, too, 
M'hich furnishes some interesting examples of paternal care. 

The Ophiocephalids are elongated fishes with a flattish, declivous 
head, scales of moderate size on the body and larger ones on the head 
in oblique rows, a long dorsal and a long but shorter anal (both spine- 
less) , and ventral fins behind or under the bases of the pectoral with 
six soft rays, the outermost being undivided, but articulated distally. 
These characters are supplemented by a peculiar modification of the 
branchial apparatus adaptive to aerial respiration, as well as by many 
ether anatomical characters. The labyrinthiform apparatus is also 
useful under certain other disturbing conditions, according to Day. 
“ IITien pollution or poisonous substances find access to rivers or mud 
is carried down in such quantities as to choke the gills of most forms, 
these Ophiocephalida' are almost unatfected, for breath- 
ing atmospheric air direct, the jiresence or absence of flu- 
viatile contamination is not of such material consequence 
to their existence. They are able to live until the poison 
has passed downstream and the waters are again puri- 
fied." The ditferences from ail other fishes, indeed, are 
so great that there is not universal agreement as to the 
affinities of the family. 

The Ophiocephalids are about 80 in number and found 
in almost all the tropical and even subtrojiical regions of 
Fig. 76,— opAio- the Old World, 3 occurring in Africa, but all the others 
lephatus. Southern and eastern Asia and the islands to the 

southward. In the Philippine Islands are found at least 5 species. 

There is no general English name that can take the tilace of Ophio- 
cephalids. Snakeheads is a book name that interprets the Latin title, 
but is rarely used. The word in most popular use is murrul, vari- 
ously spelled, which is the common vernacular Indian term for species 
of the family. 

When a prolonged drought dries up the ponds or bodies of water 
in which they have flourished the snakeheads do not necessarily 
succumb to the consequences, but are provided with means to contend 
against the adverse conditions. Some burrow into the drying bot- 
tom, sometimes to the depth of 3 or 4 feet even, into a moister horizon, 
and in such places may survive till later rains release them from their 
entombment and restore the waters to their former beds. The fishes 
retain moisture enough to keep their gills from dessication and are 
able to breathe the little air needed direct or even to suspend respira- 
tion. Others wander from the receding pond to seek more favorable 
quarters. Such emigrations are mostly engaged in during night time 
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and when the ground and air are moist they can travel considerable 
distances. This capacity is frequently exercised " in the beginning 
of the rainy season," when they maj^ be ” often seen travelling among 
wet grass ; " it is also made use of in the opposite season of incipient 
drought. It is claimed by some that such emigrations are not en- 
tirely pointless, and that instinct guides them to water, but such 
claims have not been confirmed — at least not fully confirmed. 

Peripatetic showmen and jugglers avail themselves of this, for a 
fish, remarkable aptitude for terrestrial progression, both in India 
and China. They carry the fishes about, and when a fitting audience 
can be obtained take the fishes from their receptacle and place them 
on the ground, when they proceed to ‘‘ walk " or " crawl about," 
greatly to the wonder and amusement of the children. Owing to 
the breadth of their bodies they are able to progress in a serpentine 
manner, chiefly by means of their pectoral and caudal fins, first one of 
the former being advanced and then its fellow." The progression is 
really of the nature of crawling. 

The Ophiocephalids are especially piscivorous, but their voracity 



Fig. 77. — Ophioce/ihaUis barcu. After Day. 


is by no means limited to fislies; indeed they "appear to consider a 
frog, mouse, or rat as luscious a morsel as a fellow fish. A frog, in 
fact, proves to be as captivating a bait for some of them at least as it is 
to a pike. " Xear Ganjam," India, a native official told Day “ how 
he had ventured out one night to see how murrul " — the walking 
fishes or ophiocephals — were captured. The fisherman was pro- 
vided with a long flexible bamboo as a rod, and as a bait used a live 
frog. Hardly had the frog splashed into the water when a moderately 
sized murrul seized and swalloAved it. Desirous of observing what 
would occur next, the fish was left on the hook as a bait for .something 
else. Before long a large water snake was seen swimming toward it, 
and soon had the fish inclosed in its capacious jaws, and in this 
fashion all three were pulled together out of the water." It would 
from this seem that they are active and feed by night as they also do 
by day. 

Naturally when the species are so numerous, there is considerable 
diversity in habitat and habits. “ Some of them reside in ponds. 
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others prefer rivers, where the\’ take up their residence in deserted 
holes Avhich they find in the banks. The pond species delight in 
lying at the grassy margins, where the water is not deep enough to 
cover them; and here they are able to respire atmospheric air direct.” 
So teaches Day (1883). " Some of the ophiocephali prefer dirty to 

clean water, perhaps for purposes of concealment. When they have 
stirred up all the sediment and exuded a quantity of mucus they ap- 
pear to be delighted, their colors become more vivid, and they ascend 
to their favorite resort, lying amongst the vegetation just beneath the 
surface of the water. As soon as clean water is given them they be- 
come excited, as if they imagined the time had arrived when they 
should change their abode.” 

But such places and postures are at times exchanged for others. 
They mav be " frequently seen floating on the surface of the water 
as if asleep." Such individuals " may be apjiroached very closely.” 
In some places guns are u<ed and the fish are shot, but " the game 
usually sinks when killed and has to be dived for or otherwise ob- 
tained.” 

The differences cither in size or coloration between the sexes are in- 
considerable. iloiiogamy and parental solicitude are accredited to 
them. They mostly, it is said, breed twice a year. The eggs are 
quite large and vary in number in accordance with the size of the 
female; in one Day e>timated there were al)()ut 4.700 eggs. Ovipo- 
sition is provided for in a rude receptacle which is prepared by the 
male. "The 0. utrintnn of Mysore is sai<l to construct a nest with 
its tail among the vegetation near the edges of the tanks, whilst it 
bites oft' the ends of the weeds which grow in the water.” Over this 
the parent keeps guard, and his care is exercised not only for the 
eggs. l)ut for the young until they are developed and strong enough 
to care for themselves. "Then they are driven away to seek their 
own subsistence.” and tho-e who are " too obstinate to leave,” it is 
believed, are " eaten by their progenitors.” 

The Ophiocephalids are highly esteemed for table use, " those 
which inhabit rivers being better flaiored than the others which live 
in sluggish or stagnant water.” They form in many ])laces a very 
important part of the fish stipply of the community. They are in 
prime condition, or at least chiefly demanded, in a perfectly fresh 
state. To supply such a tlemand, " in China they are often carried 
alive in tubs or pails of ivater. and slices are cut for sale as wanted, 
the fish selling dear whilst it retains lifi*, while what remains after 
death is con.^idered as of little value.” The entrails are removed 
l)efore taking the fish around but the muscles remain long responsive 
to irritation, and " when the irritability of the flesh is so much ex- 
hausted that it no longer quivers under the knife, its value is greatly 
depreciated. This jiractice, Kichardson thinks, " however much it 
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may shock the feelings when ilescribed. is not worse than the crimp- 
ing of cod on the London hdi stalls.” It is almost siijierflupus to 
add, after this account, that " they are very tenacious of life." 

By the natives the adnlt fishes, as well as their eggs, are " greatly 
sought after as food." 

To insure a continuous supply they are kept to a considerable 
extent in ponds or tanks and even in aquaria, but their wandering 
proclivity and climbing cajiability entail precautions against their 
emergence. " They an* exceedingly difficult to retain in aquaria 
unless the tops are covered over, as otherwise they manage to escape 
and ])roceed on their tra\vls." 



Fio. 7.S. — Common Throe-splned Stickleback (Onstf'rosif'us ftcuJeatus) , Enlarged. 


STICKLEBACKS. 


The Ganteronteids, or sticklebacks, arc more or less compressed fusi- 
form or moderately elongated fishes with a ]>artly or whollv naked 
skin, but generally with a row of high plates along part of the tail at 



least; the head is conic and pointed in front or prolonged into a short 
tube, and the jaws armed with narrow bands of teeth; the ventrals 
are a short or moderate distance behind the bases of the pectorals, 
and each has a stout spine and one or two reduced rays; the dorsal 
furniture consists of two to fifteen free dorsal spines and behind them 
a dorsal fin with branched rays, and the anal is like the second dorsal. 
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There is. in other respects than those mentioned, much more di- 
versity than in most other families, although the species are not very 
numerous; their exact number, however, is uncertain. The species 
appear to be subject to unusual variation, and characters which would 
be of specific importance in most groups in this appear to be merely 
individual deviations. A result of this was that before the extent of 
this variability was appreciated many specific names were based on 
what later proved to be tmstable characters. For instance, an able 
French naturalist. Prof. Emile lUanchanl, thought that in France 
alone there were seven species with three dorsal spines and four 
species with many. He was even strongly inclined to think that 
other species (plusieurs especes) remained to be discovered. 

Naturalists of the present day reduce the seven to one (Ganterofi- 
acfiledtitx') and the four to another (Pjic/oxteiix or Pinifiitiiift 
It is not impossible, however (but not probable) that 
it may be found that fron» th(> extreme of undue multi])lication or 
■'splitting" of species thei-c has been a I'evulsion to an opposite 
extriune of excessive “ lumping." Much more certain ai’e the genera: 
these are readily separated and stand out boldly in nature. Three 
of these occur in the Old IVorld — Ouxtcnixtciix. Punf/ifhix (Pt/yox- 
fctix), and SphirtrJufi. (Pixtcnixfriix and Pmifiithix are equally well 
represented in North America, and the absence of Spl/iachiti is more 
than balanced by the existence here of two unknown to Europe — 
Ein-nlia and Apeltfx. Of all thes(‘ the nesting habit.s are more or 
less known. 

All the sticklebacks take care of their eggs and the newly born 
t’oung, but it is the male, and not the female, that exercises parental 
care; he it is that builds a nest that would do credit to a bird and 
drives or entices the ftdl female to enter into it and deposit her ripe 
burden. When a sufficient supply of eggs has been secured, the male 
closes the nest and remains in charge till the young have reached 
a size which he considers to be sufficient to enable them to wandei- 
away and seek their own living. 

The sticklebacks have been divided among three groups or sub 
families. 



Fig. so.— T eH'Spined ytk-kWjack {Piuigitiuspanyitius). 
After Storer. 



Fig. 81. — Ga^ttrusteus. 
IVlvk below 


The best-knovn forms. (,r Gasteroxteines, have the pelvic bones 
forming an arrow-like or V-shaped plate below, the point extending 
backward. 
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The three-spined sticklebacks {(rasstefontent!) , tea or many spined 
sticklebacks (Pygosteus), and those with four or five dorsal spines 
reclinable directly backward (Eiicalia) belong to it. 

One peculiar American type, the A-peltines, have the jielvic. bones 



Fig, 82.^Four-spined Stickleback Fig. ^.—Aptltts. Pel- 

quadracus). After Storer vis below. 


obtuse behind, lateral bar>, and between them an unarmed belly. 

A third type, the SpltiiirJiiitux, have the pelvic bones loosely con- 
nected in front onlj- and the ventral fins inserted farther back than 
in the others: the body is also more elongated, the snout extends 
forward in a somewhat tubiform manner, and the dorsal spines are 
more numerous. 

The most generally distributed and cliaracteristic of the genera 
and that to which the largest species except SpiiKtchia belong is Gas- 
teroxt(>ns, or the three-spined sticklebacks. The body is comparatively 
high and has a fusiform contour, there are two large free spines on the 
back and a smaller one in front of the fin. and the ventral spines are 
considerably behind the roots of the pectorals and under the inter- 
space between the first and second dorsal spines. The most com- 
mon species — common to Europe and America — is the Gntttrmsteiis 
acvhafi/s. 

Almost any permanent body of water, hotvever small, may har- 
bor some. In the words of Smitt, “ It is often met with in collections 
of water so small and so isolated that it apjtear-- difticnlt. if not 
impossible, to explain the matiner in which it has been conveyed 
thither, or the sources from which it derives its support. It is 
fondest of calm water, and in summer frequents shallow spots close 
inshore, especially where the sunshine has full play. Here it leads 
a merry life, and one may often see it leap several centimeters out 
of the water, while at other times it keeps still at the same spot, as 
though there were nothing in the world to disturb it. But in a 
moment it is all life and spirit and darts otf with the speed of an 
arrow. In stormy weather it is tossed on the waves and has thus been 
cast even into a boat. Toward autumn it retires to deeper spots on the 
shores of channels, estuaries, or larger inlets. In late autumn and at 
the beginning of winter, however, it roams about in large companies.” 
It then prepares for inter quarters; when the cold is most severe, 
it probably lies packed in large shoals at the bottom.” 
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It is an eminently gregarious fish and its schools are sometimes very 
large, but they are not equally large every year. Some years they may 
be comparatively few and in others exceptionally abundant. In 
many of the northern streams, IV. C. Kendall (1902) testifies, they 
occur in such vast numbers as to be used for fertilizer " and “ as 
food for cows and dogs, and even for men. Thev were taken in 
large numbers in the brush weirs used for catching small herring on 
the coast of Maine, and in the same locality often become a nuisance 
by clogging the nets of the swelt seiners.’' 

One instance illustrative of their occasional extraordinary num- 
bers has been often quoted, but is as apt now as ever. In ITTh Pen- 
nant claimed that “ once in seven or eight years amazing shoals 
appear in the Welland ” Canal “ and come up the river in the form 
of a vast column. They are supposed to be the multitudes which 
have been washed out of the fens by the Hoods of several years and 
collected in some deep hole till, overcharged with numbers, they are 
periodically obliged to attempt a change of place. The quantity is 
so great that they are used to manure the land, and trials have been 
made to get oil from them. A notion may be had of this vast shoal 
by saying that a man employed by the farmer to take them has got 
for a considerable time 4 shillings a day by selling them at a half 
jienny a bushel." 

This account has been quoted as unparalleled, but several notices in 
American publications come nearly, if not fully, up to it. In the 
Canadian Annual Keport on Fisheries for (p. til) it is reported 
that the three-spiued stickleback or picassou was " caught in great 
quantities in the small rivers, brooks, and hanichola of Magdalen 
Islands, where it is used as food for cattle and as manure." and that 
“400 barrels were caught" in 1S<‘>2 "in the harttrhoi.s of Basque 
Harbor " alone. Four hundred barrels w(>re also caught in ISGO and 
sold as manure at '2~> cents per barrel, but in 1S(>7 the catch was 
.smaller ( I.IO barrels) and prices advanced to " Is. 3d. per barrel." “ 

Sticklebacks are very voracious and almost omnivorous, their 
rapacity being only limited by their size. The eggs and fry of 
other fishes suffer severely from their attacks, but with ajiparently 
equal relish they take worms, the minute entomostracan crustaceans, 
the larva’ and imagines of insects, and small inollusks. But they do 
not refrain from attacking fishes much larger than themselves. “ Mr. 
Mable, at the I\ estou-siqier-Marc iMuseum. had some three-spined 
sticklebacks in an aquarium, and some roach. Lem isciix were 

added. M ith this invasion the prior inhabitants were dissatisfied, 
but not frightened, as they forthwith attacked the newcomers, bit- 
ing at them anywhere until they became thoroughly cowed. These 
little tyrants wore observed to place themselves in front of the roach, 

“Fisheries Appendices for 18C6 (p. 42) and 1S67 (p. 04). 
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Steady themselves by their tails, and then suddenly dart straight at 
the lips of their intended prey, from which they bit jneees out. 
These attacks were continued until all the roach had been killed, 
when they were eaten by their conquerors." 

Another instance of insatiable voracity has been recorded by Baker. 
One devoured in five hours 74 young dace, which were a quarter of 
an inch long and of the thickness of iiorsehair. Two days afterwards 
it swallowed ()2. and would probably have eaten as many every day 
could they have been procured for it. 

Such are the main facts respecting the general habits of the stickle- 
backs, but their chief interest to us are the extraordinary nests which 
they make and the still more extraordinary jirovision with which 
nature has endowed the males to make those nests. 

When spring and warm weather are well advanced males and 
females become inqu-essed with the instinct to reproduce their kind, 
and the whole organization is modified accordingly. The female’s 
abdomen becomes distended with eggs, and the male, who had been 
silvery white during winter, assumes a brilliant livery, develops from 
the urinary bladder and kidneys the material for a peculiar thread- 
like substance, and prepares to make a nest for the reception of eggs 
of such females as he may be able to influence. 

The peculiar secretion from the kidneys deserves some notice here, 
for it is unique and only known in the sticklebacks. It was first 
fully described by Karl iNIobius ( 1885) and soon afterwards by John 
Ryder (188-2) and E. K. Prince (1885). The last has not only given 
an excellent account of the peculiar structure, but some* apt illustra- 
tions, and these are reproduced herewith. (Plate I.) 



EXl'LANATIOX OF PLATE I. 

After E. E. PKiNfK. 

Fig. 1. Transverse sectieu (male (Inutcrftateiift .•«;».> of renal mass, urinary 
lilailcler, etc., in .v(7h, X 150 diameter. X. kidiie.vs (coalesced portion) : «. a. 
right and left ureters passing longitudinally along outer ventral borders of 
kidne.vs : ft, urinary tubules, muelei of epithelial cells indicated. B. urinary 
bladder, l)ehind the cervix: <i. epithelial; ft, tibrous layer; c, c. right and left 
ureters (on oiniosite sides of Idadder) ; d, contained thread-like secretion from 
kidneys ; C, intestine : D, D', testes. 

Fig. 2. Fragment of hyaline i-apsule of ovum, showing tlie rows of jilts and 
lamella^, x 300. 

Fig. 3. Fragment of h.valine capsule of ovum, in transverse section, showing 
numerous lamella’. X 350. 

Fig. 4. Portion of mucous secretion, showing funicular structure, X 350. 

Fig. Sketch of nest (diagrammatic), one-third natural size, the jiockets 
containing ova exposed, n. a. transeversely arranged intersecting threads; 
ft. ft, masses of ova contained in the interspaces of nest. 

Fig. C. Dissection of niaic. showing viscera of posterior portion of abdominal 
<-avity, about natural size. «, enlarged urinar.v bladder ; ft. left flexure of urin- 
ar.v bladder (<-ervix) ; c. right fle.xure of urinary Idadder (near posterior term- 
ination) ; d. genital pore; (. cloacal dejiression ; /. anus; p, urinar.v ajierture; 
h. alimentaia canal; /. /. right and left testes; j, j, kidneys; /. ureters; /.•, 
swim bladder. 
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Plate I 



Secretion from Kidneys in Gasterosteus. 
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On examiiiiiiK tlie male at the breeding season, the kidneys are seen to t)e 
considerably swollen, the enlargement being especially noticeable posteriorl.v 
(fig. 1 A). Sections of the kidneys reveal an altered condition of the sinuous 
tubules (fig. 1 A. 6). the (smical epithelial cells of which are swollen at their 
tree ends and indefinite in outline. Tlie nucleus of each cell is slightly dis- 
placed and occupies a more terminal position than in the normal condition. 
These epithelial cells are active in secreting the material used in constructing 
the nest. They perform the function, indeed, of cell glands, and their secretion 
is carried by the uriniferous tubes to the oiiter ventral border of each kidney, 
where a large duct passes longitudinally. In cross section the ureters (pi. 
I. tig. 1 A. a. a) are oval, and their capacity is very great at this time, the 
walls being of dense fibrous tissue lined with pavement epithelium. Both 
ureters emerge from the renal mass near the posterior end. and descending in 
a forward direction become applied to tbe wall of the so-called urinary bladder, 
which at this point is somewhat attenuated, and passing anteriorly they open 
oblhiuel.v from without inward into the bladder. This structure, it is unneces- 
sar.v to say, is not morph<dogicaliy connected with the urinary receptacle of 
higher vertebrates, the lengthened <ourse of the ureters, of which it is simpl.v 
a dilated common )iortion, lu'ing due to its extraordinary devcloi)ment in the 
male stickleback. In a fish "){ inc hes in length it is about an inch long, and at 
its widest part one-fifth inch in diameter. Situated on the right side of the 
abdominal cavity, imniediately below the swim iiladder in the postheicatic 
region, it has the form of a capacious pyriform sac. ending lilindly anteriorly, 
and diminisliing in circumference as it passes backward (pi. i. fig. f. a). 
Before terminating posteriorly it describes a double curve, crossing over the 
intestine from the riglit to the left side (id. i. fig.- (>. h). and after a short 
parallel course passing on the ventral side of the intestine to the right side 
again (pi. i, fig. (i. c), debouching heliind tlie genital iiore (pi. i. fig. d. d) 
into a uriuogenital sinus, forming the posterior portion of a cloacal depression 
(pi. f, fig. (). r). into wiiicli also tlie anus opens (pi. i. fig. ti. f). The wall 
of the bladder consists of two layers, an internal epithelium (pi. i. fi,g. 1 B. a), 
which is readily detached, and a dense e.xternal connective layer ( pi. i. fig. 
1 B. (i), which thins out as the binder enlarges anteriorly. Traces of an inter- 
inetliate muscnlar layer appear posteriorly when' the walls are e-xtraordinarily 
thickened. The descending ureters (pi. i, ti,g. 1 B, c c) approach opposite 
sides of the bladder, that on the left proceeding obliquely below the common 
duct of the rasa deferent ui. and passing forward and merging in the walls of 
the bladder on the left side. 

This union is shown in the same transverse section which shows the union of 
the vas deferens of the left testis with that of the right. The course of the right 
ureter is shorter and more direct, as the bladder lies on that side of the abdom- 
inal cavity at this point. It coalesces with the right wall of the bladder pre- 
cisely opposite the loft ureter. As the bladder descends to cross the Intestine 
inferiorly it twists, so that the left ureter is brought to the central side of the 
cervix of the bladder. Both return to the lateral position as the bladder crosses 
the intestine. The intestine now curves to the right, and the relations of the 
ureters become reversed, the right being below and the left rising to the dorsal 
side of the bladder. They increase rapidly in capacity, showing in cross section 
an extremel.v elliptical cavity, and as the bladder enlarges they pass obliquely 
into its chamber, their walls being continuous with the external layer of the 
bladder. Along this tortuous course the viscid secretion of the renal tubules 
reaches the bladder, where it is stored up. When first formed the secretion is 
simply a plastic jelly ; but a fibrillar structure appears to rapidly develop in it. 
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ludoed tliis apppiiraiu-e is assuiiied while the seeretioii is contained in the 
ureters. The epilhelia! <eUs of tlie urinary canals exert so activel.v the secret- 
ins function tliat the liladder heiimie.s much distended iiy the accumulatlns 
mucus, and at lensth it flows slowiy to the urinary aperture, where it emerges 
as a tena<-ious elastic tliread which readil.v .adlieres to any external oli.jeet on 
contact. It can liardly he doulded tliat this secretion can he extruded at 
pleasure, the walls of tlu> hl.adder. assisted i).v the abdominal ])arletes, being 
sufficient to effect this; hut it is ]>roduced so ahundantl.v that it also often 
appears to ooze out involuntarily. Male fishes may often he seen with a glisten- 
ing, ]iendulous. conoid mass hanging from Ihe urinary ajierture. and increasing 
in size until it hecomes detached. Such tiask-shaped masses of mucus occur 
freciuentl.v in tanks wlitu-e these tisiies .-.re confined and no opportunity is 
■ ilforded for nest Imilding. When, however, an appropriate m.ass of s(>aweeds 
has been selected by the nude, the tish has merel.v to .approach closel.y. so that 
the jirotruding mucus ina.v adher,'' to a projecting frond, and by passing and 
re|ia,ssing round the ni.ass the weaving ojieration is accomplished. Occ.asionall.v 

rapid ejaculabjry movement is observed, and it is interesting to note that tile 
threads are not carelessl.v superposed, except when necessary for increasing the 
density tlie nest, but are cros.seil at .an angle b.v the varying movements of 
the tish. so that rhnmboidal sjiaces are inclosed .and a I'egular tadicailum is thus 
produced ( pi. i, fig, T, i . 

Often the tightl.v drawn thread sn.ajis asunder, though its tenacity is (“Xtnane. 
The fibers then lairl up and form a termin.al pellet, m.any of which ociatr on the 
surface of th(> nest, .ts hefme remarked, tin* mm-ns is not merel.v a semi.solid 
plasm, hut assumes .a funbail.ar chara<-ter while in the ureters. If oii(“ of the 
chords binding a nest together be ex.amined. it will be found to consist of several 
strands, the cord itself measuring fiauu d.tidtd to ttno."! incji in diameter, and 
the constituent threads from O.ikmi.s to 0 .(mm) 02 inch. These smaller threads 
again consist of fine homogeneous filaments, which adhere in parallel order. 
The ]i.arallel arr.aMg<M]ient of the ultimati* fibrils is very striking and ipiite char- 
acteristic till. [. fig. 4i. 

The stickleback is by no means a niuiiogfamist. as was once believed, 
but endeavors to induce a number of females to deposit e^ffs in the 
nest he has built. His bellicose tendency, always considerable, is 
now greatly intensified, for be is e.xceedingly jealous and takes of- 
fense at every appearance of intrusion or even approach to the 
domain which he has apjirupriated for his own. The males, too, are 
fewer than the females, and a con.set|nence is that there are nianv 
furious battles. Smitt tells what may hapjum ; 

Two rivals rush with the speed of arrows a,gainst each other, deal a power- 
ful side-stroke with their sli.irp ventral spines, and hasten with uudiminished 
spei'd each hack to his own dom.ain. After a few onsets the .superiorit.v of the 
stronger eombataiit is demonstrated, his territor.v is extemU'il, and he signal- 
izes his triumph hy a siileudor of colours, while the \an(piished la.vs aside 
his brilliant dress as though overcome h.v shame. While the males disport 
themselves in these chivalrous touruameuts. or rather, fight for their nests, the 
lemales swim about in long troofis of greater or less stren.gth outside the battle 
ground, and now and then a m.ale selects his temporar.v mate from the company. 
The female that heads the troop swims forward with rapid darts, followeil by 
tlie others, suddenly stojjs and assumes a vertie.al position, witli head turned 
tow ard the bottom. The others assemble round her iind range themselves in 
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the same manner, as densely i)aeked as possible. When she has thus collected 
the troop round her, she suddenly deals a blow that scatters the whole crowd 
in an instant. This sport is often repeated, but the raiiidity with which they 
disperse renders it inipossihle to observe whether it is always the same female 
that takes the lead or whether they change ]>laces. These operations are con- 
tinued as long as the sun is high in the heavens, for four to six days, according 
to the weather. It seems more than probable that during these evolutions the 
females lose some roe. which adheres to water j)lant.s. and that this is fertil- 
ized by the males that, perhaps onl.v for the time being, have not built anv nest 
for the eggs. I’.enecke has also ascertained that uniler cert.iin circumstances — 
as, for example, when lu' finds a suitable crevice or secluded nook among the 
water plants — the male does not build an.v nesf. properly so called. Thus 
we have to deal with two methods of spawning in which the eggs are de- 
veloped where the.v fall, amon.g tlie 
water plants, and the more connubi.al 
method in which the eggs are devel- 
oped in a iK'st made by the male. 

But in any case the nest building is 
one of the most interesting imrts of 
the life of the three-spineil stickle- 
back. and one which many have been 
in a position to observe. 

One of the fullest and best 
considered, as well ns earliest of 
the accounts of the haltits of 
the stickleltack was published in 
1854 by Albany Hancock, in 
" Observations on the niditica- 
tioii of (.rUisteroatciiis aciileiitiin 
and CrusterosttUK apaiachiar in 
the Transactions of the Tyneside 
Xaturalists' Field Club for 1851- 
1854 ( Vol. II, pp. 312-317) . lie 
provided an aipiariuin in iMay 
and — 



Into this new home were put four Fm. sr.—Three-spitwd stickleback male laying the 
or five sticklebacks, [andl they at foundation m ms neU. Alter Co,te. 

once made themselves perfectly at ease. One. without the least hesitation, took 
possession of a certain siiot. which it guarded with the greatest pertinacity, 
attacking vigorously an.v of its companions that might happen to aiiproach the 
chosen locality. The beetle, too. whii-h sometimes came slowly jiaddling b.v, was 
pounced upon and unceremoniously tumbled over; but secure within his scaly 
armor, as the knights of old, he little heeded the onslaught of his naked assail- 
ant. so overpowering all opposition he scrambled onward in his uiideviating 
path. 

This fish was rather small, h.ad the throat of a bright red colour and the eyes 
of a brilliant bluish-green. ,\t first, all the others wert* pale : l)ut in the course 


of a few days oiu' of them gradually assumed the rii-h hues of that .lust de- 
scribed, and soon afterw.ards it .also became attai-hed to a spot, t.akiug uii its 
abode in one of the corners of the trough. On examining attentively the two 
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selected localities, a nest was found in each, composed of a collection of deli- 
cate vegetable fibers, resting on the bottom of tlie trough and matted into an 
irregularly circular mass, somewhat depressed, and upward of an inch in 
diameter, the top being covered over with the same materials and having in the 
center a large hole. The fishes scarcely ever strayed from their nests, but were 
constantly on guard, defending or repairing them. They were perpetually 
prying into the hole at the top and thrusting their heads right into it. On 
one occ.asion, one (jf them entered by this hole, and slowly forced itself through 
the side of the nest. As it gradually moved onwards its bod.v had a pecu- 
liar. lateral vibratile motion. 

, They- would frequently seize 

hold of the nest and give it a 
violent tug. shaking and 
tearing loose the vegetable 
matter of which it was 
composed : at other times 
the.v would cany to it in 
their mouths fine conferva- 
stems and press them with 
considerable force into the 
'wall of the nest or thrust 
them into the hole, which 
by this means was par- 
tially concealed. Occasion- 
ally each was observed liover- 
ing over its nest with the 
head close to the orifice, the 
bod.v being inclined upwards 
at an angle of about 40 ° , 
fanning it with the pectoral 
fins, auh'd by a lateral mo- 
tbiii of the tail. This curious 
imiiKeuvre was apisirently 
for the purpose, so to speak, 
of yentiliiting the spawn, 
which could be distinctl.v 
seen tbrougb the orifice at 
the top : at least, by this 
means, a current of water 
was made to set in tow.ards 
the nest, .as was rendered 
Iierfeetly evident by the agi- 
tation of particles of matter 
attached to it. This fanning or ventilating iiro<-ess w.as repeated at short 
intervals dtiriiig the day and every day until the spawn was hatched, to 
acc()m[)lish which took between two and three weeks. 

Only one nest contained spawn: Ihe other was torn in pieces and the mate- 
rials scattered about, in the hope that we mi.ght have the jileasure of seeing it 
reconstructed. In this we were not disappointed : the fish inmie<liatel.v began 
to form a uew nest in exactly the same spot, and b.v the following da.v it was 
more than half completed. It took a mouthful at a time and was at some 
pains ill ad.Uistiiig each load, spreading the materials out and iiresshig them 
down with its mouth ; it then drew its body slowly over the whole, vibrating 
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all the time in the same peculiar manner as when it forced its way through the 
nest, as before stated. 

On the loth of .June, the hole at the top of the fruitful nest was found to 
be much enlarged, so that the entire mass of spawn was exposed to view, and 
on looking attentively a few of the newly hatched fry were seen flitting around 
the wall of the nest. The assiduity of the parent was now greatly increased ; 
it never left the spot ; by night it rested either on the nest or by its side, and 
during the day nothing was allowed to approach. It fiercely seized a quill 
that was passed down toward the object of its solicitude with such vigour that 
the shock of attack was distinctly felt by the hand. Combats with its 
companions became more frequent, but its ire was chiefly directed toward 
its neighbour, which, like itself, was engaged in parental duties. This having 
also a nest to defend, never shrank from the conflict, and the encounters were 
therefore fierce and prolonged, but nevertheless conducted with all due caution 
and apparentlj' with much science, as the gentlemen of the ring would express 
it. fl’he sparring was very wary, and generally lasted a few sei-onds before the 
combatants closed. The attack was usually commenced l)y one (luietly creeping 
up, watching its opportunity : on this, the other, acting on the defensive, 
would turn its broad side to the enemy, and raising the ventral spine wait to 
receive the onslaught: the assail,int, intimidated l>y this fonnidal)le demon- 
stration, would then slowly retreat, and in its turn had in the same manner to 
defend itself. After thus advancing and retreating for a few times, one, 
taking advantage of an unguarded moment, would rush in upon its opi)ouent 
and butt at it with its head, apparently endeavoring to bite: the otlier, rallying, 
returned the compliment, and after dashing at eacli otlier in tins way two or 
three times with extraordinary I'anidity tlie round would terminate and each 
fish retreat to its nest, to recommence its more immediate nidimental duties. 

The fr,v were at first so minute and transparent that they could scarcely 
be discerned as they lay [lartially concealed amid the meshes of tlie nest: 
every now and then a sligiit fluttering motion betrayed their position, otlier- 
wise it was almost impossible to distinguish them. .\s I closely watched their 
motions at this time, one of the newly hatcheil fishlings, with intrepidity 
beyond its experience, ventured to pass the limits of its cradle: in an instant 
the watchful parent was there, and with gaiiing mouth seized the little wan- 
derer, which immediately disappeared, the jaws having closed upon it. Seeing 
this I at once gave up tlie fry as lost, deeming that here was an instance of 
instinct at fault and that all the affectionate solicitude of the parent was to 
end in devouring its offspring. In this I was mistaken : the old fish, quietly 
returning, dropiied the .straggler into its nest livel.v and uninjured. During 
the whole of this day none of the fry were permitted to ramble beyond the 
precincts of their fold : when any attempted to do .so — and many did attemiit — 
they were invariably brought liack in the mouth of the parent; none escaped 
its vigilant eye. and it was amusing to see with what a hurried, fluttering 
motion the little things dropped almost periiemlicularly down into tlie nest, 
so soon as they were released from the jaws of the parent. 

It was three days liefore all the eggs were hatched, and the attention of the 
parent during all this time was unreinittiiig. On the second day I marked its 
manoeuvres for five minutes and found that in this short period it ventilated the 
nest eight times, warded off an attack of the neighiiouring fish, and brouglit back 
to the nest a straggler or two. During this day the spawn was frequeiitl.v 
examined by the parent, who would occasionally seize hold of it and give it a 
good shake, a[iparentl.v for tlie purpose of throwing off adherent matter, that the 
water might freely circulate about the eggs. The parent would then dive head 
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I'oifinost into the nest and bring out a mouthful of mud, which it would carry 
to some distance and discharge with a puff. 

The third day was jjassed in much the same manner, only as the eggs were 
now all hatched the nest was less frequently fanned or ventilated, and the fry, 
about do in numl)er, were allowed greater liberty, the strongest being permitted 
to recreate themselves among the confervte that grew on a stone about 2 inches 
from the nest. On the fourth day the fanning had ceased altogether, and the 
rambles of the young were less restricted. They were not yet. however, permitted 
to pass beyond certain limits. When any transgressed these liounds they were 
immediately seized as heretofore and carried hack to the nest, into which they 
were always very glad to escape from the clutches of their ardent parent. 
Xotwithstanding all her vigilance one contrived, on the fifth day, to escape her 
eye, and in i)assing the fateful boundary was immediately devoured by the 
other fish, which now seemed always on the watch, neglecting its own barren 
nest, being intent only on appropriating to itself the nestlings of its fruitful 
neighbour. In this act of cannil>alisni we see the reason for the parent’s anxious 
care and its jealousness of its kind ; and it is evident from Mr. Crookenden’s 
account, previously cpioted, that they greedily devour each others spawn. The 
young fry. however, have other enemies as well as thinr own species. One day 
a favorite IIi/<U'u (II. fii.fcu) was observed to be distended in a most extraordi- 
nary manner. On examination it w.as found to have swallowed the head and 
shoulders of one of the young tish many times larger than itself, and the caudal 
extremity, which was too much for it and which was projecting out of its mouth, 
had lieen seized upon liy another Hydrn. Thus it would appear that the.se low 
organized Imt powerful and voracious animals occ.-isionally regale themselves 
on the flesh of the Vertebrutu. This hapiiened when the fry were three or four 
weeks old. 

-Vll the old fish, with the exception of that with the young, were, in conse- 
riuence of their cannilial propensities, turned out of the trough: and danger 
being thus removed, tlie fry were no longer restricted in their rambles, but 
enjoyed the whole range of their crystal abode. Henceforth the parent’s assi- 
<luity gradually relaxed, though for days afterwards it was its custom to 
take the young occasionally into its mouth, and sifter carrying them a little 
distance to let them drop out again. I took one of the fry out one day for 
examination with the microscope. On returning it to the trough it was in so 
sickly a state as to be scarcely able to leave the vessel, which was held in the 
hand. The old fish, perceiving the helpless condition of its offspring, came up 
to the surface of the water, and seizing hold of the exhausted young one car- 
ried it off almost from amid my fingers, and taking it to some distance puffed it 
out of its mouth into a tuft of confervae. This courageous act of our little tish 
would seem, in some measure, to give creilence to the assertion, so frequently 
made, that some of the sharks protect their young by receiving them into the 
mouth on the approach of danger. 

The stickleback's life is probably a short one. For a long time it 
was siipposetl to be biennial, but one individual at least was kept for 
" nearly double that time." 

Such are the habits of the three-spined stickleback. Those of the 
other species of the family are similar in most respects, but each group 
of species seems to have its own special way of making its nest, as 
Coste long ago (1848) showed. According to the French naturalist, 
while the three-spined sticklebacks (Epinoches) invariably (invari- 
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ablement) construct their nests on the ground and open to view; the 
inany-spined sticklebacks (Epinochettes) on the contrary always 
attach theirs to vegetation, such as the leaves of aquatic plants. Coste 
considered this difference to be of importance enough to indicate 
generic distinction for the fishes making the nests, and consequently 



Fig. 86. — Nesst uf Teu-spined Stickleback. Female preparing t(» enter a nest to lay her 

eggs. After Coste. 

he restricted the name Gasterosteus to the three-spined sticklebacRs, 
and proposed Pinigith/s for the many-spined species." 

“ As the nomenclatui’iil proposition has been universally overlooked, and the 
work in which it is published is inaccessible to most, Coste’s own words, conclud- 
ing the generalization, may be given ; " * * * difference caracteristique qui 

parit justifler la separation qu’on a faite de ces poissons en deux genres {Oas- 
tcrosteHs et Puitfiitiiis) (‘unriitiiis thus anticipates Pygosteun. 

SM 1905 30 
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S'pinachia has also a characteristic habit of making a nest, using as 
a basis a frond of seaweed or some sea plant. The nests occur most 
frequently among seaweeds fringing the tidal pools, and of such 
marginal reeds they are constructed," as has been indicated by Prince. 



Fig. S7. — Nest of Ten-spined Sticklehack Male roTatiny; in his nest to make it tubular 

After C.’o^te 


It has been generally forgotten that the nest of a Sp'nuirhia was first 
illustrated in 1843 by Eobert Hamilton in his British Fishes (pi. G). 

THE SCNFISHES AND THEIR KIN. 

Perhaps the fishes liest and most generally known to the boys, and 
consequently the elder natives of eastern and middle America, are 
those most frequently called siinfishes or sunnies, but which also are 
misnamed in various localities bream, roach, and perch. Bream and 
its corrupt form. brim. are. indeed, in most common use in many 
places, especially in the AVestern States. These are the most gayly 
colored of a family designated by ichthyologists as Centrarchids. and 
with popular intent sometimes dubbed the Sunfish family. All have 
a compressed body, which is mostly expanded vertically and almost 
equally below and aboie the longitudinal axis of the body. The 
scales are mostly rather large or of moderate size, but in some (the 
black basses) rather small, and the lateral line is continuous. The 
head is scaly and in most the suboperculum is expanded backward in 
an ear-like flap. The nostrils are double. The roof of the mouth is 
dentigerous, the teeth being in some confined to the vomer, but in 
most extending on to the palatines and in some also to the ptervgoids 
and the tongue. There are mostly six branchiostegal rays, very rarely 





PAEENTAL CAEE AMONG FEESH-WATEE FISHES. 


507 


seven. The lower pliiirviigeal hones are always distinct. The dor- 
sal and anal fins are diversiform, but in most of the >pecies the soft 
portions of the dorsal and anal tins are almost exactly opposite and 
balance each other. These characters are supplemented by still more 
important osteological ones, which confirm the natural association of 
the genera." 

Besides the siinfishes. others of greater economical importance be- 
long to the family, as the black basses, the crappies. and the rock 
basses. Thirty and more sjiecies in all represent the family and all 
are confined to North America and mostly to the Bnited States, but 
half a dozmi extend into northern ilexico and two are peculiar to 
her northern States. 

So far as known all the Centrarchids take more or less care of 
their eggs and young, and doubtless it is always the male parent that 
undertakes this charge. There are. however, various degrees to 
which care is exercised, and it is ])ossible (not probable) that some 
may fail to take ani’ care of either eggs or young. There should cer- 
tainly be some young naturalist who will undertake to watch and 
study the aberrant members of th(‘ family. 

The species whose life histories are best known are the black 
basses [ M h-ra pterux (Uiloni'un and .1/. sal uiohlfx) . On these innumer- 
able articles and jiamphlets have been ])ublished. and d volumes 
or treatises of superior value.'' (.)ne of the-t' is James .V. llenshall's 
■‘Book of the Black Bass" ( ISSl, IS.'sit; 4(i.") ])]>.: ifd (h1.. 1904). 
another. Henshairs " iMore about the Black Bass" (ISbS). aud the 
latest and most authoritative of all is a mmiograph by Jacob Beig- 
hard, " The Breeding Habits, I)evek)pment. and Bro))agation of the 
Black Bass." published as Bulletin of tlu' IMii’higan Fish Commission 
No. 7. Henshall e.x[)resses the opiinon of many in his declaration 
(More, 47) that ’■the Black Ba.-s i^ excelled by no othei- fish that 
swims for gameness and among frc'sh water species by but one, the 
AVhitt'-fish \ C'<)re(j(iii iix\. for the tal)le." 

The family is quite diversiform and tlirei' major groui)s or siji- 
faniilies are recognizable, the Micropterines, the Lepomines. and tlu' 
Centrarchines. 

The ici'd pft‘ rl hex, or black Ita.sst's, are the least specialized and 
most like seri’anoid or perciform fishes. They are of rather el<)ngate 
oblong form, with weak dorsal spines reduced backward and an anal 
shorter than th(‘ soft dorsal and also with weak spines. The colors 

0 The characters liere iriveii couiuare and contrast with those of the Cichlids. 
to which most of the Centrarchkls liear .so much resemblance. 

6 A recent volume liy \V. C. Harris aud T. II. Iteaii, "The Basses, fresh water 
aud marine" (liiOo). also relates chiefly to the black basses. 
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contrast with those of other members of the family by their dark and 
somber hues. Only two species are recognized. 



Fig. 88. — A Micropterine. The Sinall-aioutb Blaek-bass {Mk-t o}>tt ras 'lolomien). 


The Lepotnuiea, or sunfishes, have the body comparatively short, thi^ 
dorsal spines robust and not decreasing in size l>ackward. and the anal 
fin has a soft portion opposite and equal to that of the dorsal and 
with its front part formed of three or more stout spines. Most of the 
species of the family belong to this group, and almost all are bril- 
liantly colored and especially conspicuous by the large black and 
sometimes variegated earlike exten-ions of the opc'rcular membranes. 
The colors rival those of such tropical fishes as the angel fishes or 
Cluetodontids and the lady fishes, or Labrids. 
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and end of the anal ai'e farther hack than the corresponding parts of 
the dox’sal; each has nearly the same number of spines, which regu- 
larly increase in length backward. 



The common sunfish {E h [ tonintix ti/Jihosiis) may be taken as the 
best known of the typical species of the family, although of course 
the black basses are the most famous and have been most written 
about. The habits of the sunfishes and black basses are not very 
different from each other. 

THE SUNFISHES AND ESPECIALLY THE COMMON SUNFISH {EupOlltOtis gtbbOSUS). 

If we are able to approach near enough, under ordinary conditions 
wo may watch the sunfishes in all their movements. One will be 
found suspended in the water some distance above the bottom, with 
the dorsal and anal spines depressed backward and the soft portions 
erect and jierhaps every once in a while gently undulated; the pec- 
torals are extended outward. Imt also slightly undulated, while the 
ventrals are mostly closed and keiit tightly aiipressed to the belly; 
the month is slightly open, and the liranchiostegal membrane barely 
moves. Another may be seen with all its fins as erect as those repre- 
sented in the illustration. Some may rest horizontally in the water, 
others tilted forward and downward, and still others with the snout 
directed upward." A flirt of the caudal fin and bend of the tail impel 

“ The ■■ iiiial sunfish " { Actiiitharrh us poiiiotis) . which is not iiroperly a sunfish. 
according: to Atdiott ( l.SST. p. r.iiU), in an aquarium "much of tiie time assumed 
a perpendicuiar position, iiead down and taii up. iu a imncii of river weeds." 
.'ind “ iu ever.v instance " when seen in a creek were in tiie same ‘‘ remarkahie 
position: not. indeed, in every case perpendicuiar. imt aiways ciosely aiiproach- 
iug it. and with the head downward" (p. 370). 
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till' tish ill ;i (litfereiit direction. Tliey :ire xx-iable fislies and apt 
to be found in small schools. There is a deliberate slowness in their 
movements, when undisturbed, which wives one the idea of dignity 
of manner. A splash in the water, nevertheless, at once disperses 
them, and away they scurry with rapid fin, to reassemble after a short 
time. The sociability is most pronounced in the first year of the 
fish's life, but afterwards, as the fishes advance in age, they are more 
disposed to keep to themselves. The time of activity is mostly during 
daylight, and at night they rest." They are entirely voiceless. 

The common sunfish, on the whole, jirefers clear and temperate 
water and the neighborhood of aquatic plants; ponds and lakes are 
the favorite bodies, and a couph* of the names that the species bears — 
pond fish and pond perch — are po|)ular tokens of recognition of that 



Fk.. hi ---( ’ oinnniii Siiiili'^h { lluiunnotis <iUihu\us\. 


jn'i'fereiice : some arc, however, found almost anywhere, carried by 
ciirnuits or wandering of their own will, and thus may be sometimes 
fiHiiid with the long-eared sunfish, which is more of a running-water 
species. 

The food of the sunfish has been examined by S. A. Forbes, and the 
results published in the Bulletins of the Illinois State Laboratory of 
Natural History ( bsT8-lss;i). It is not ichthvojihagous — that is, a 
fish eater — as seems to la* generally supposed, but depends mostly on 
small shellfish and insects. A considerabh' percentage of vegetation 
is also taken in. perhaps incidentally with th(‘ shellfish and insects 
found in connection with it. " Not a trace of fishes was found in the 

"The mud sunfish •'is really injcturii:il in its lialiits." Al>bott. ji)). UTl. 440 . 

4 lie mud sunfish "lias a well-di'M^Ioped voiee '* and "will utter at times a 
deep grunting sound tiiat can not lie mi.staken.” Alihott. pp. UTl. 440 .; 
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Htomachs of 25 individuals critically examined. Over half of the 
food was ascertained to be of small mollusks (-16 per cent of uni- 
valves and 6 per cent of bivalves) ; insects contributed 20 per cent, 
ajid crustaceans 22 per cent; the remaining percentage (12 per cent) 
was furnished by plants — cbaracea*. myriopbyllum. and alga*.'' Of 
course the percentage would vary greatly with conditions. Although 
no worms appear to have been found, anglers need not be told that 
an earthworm is an excellent bait. Doubtless little fishes, too. may 
be occasionally taken in if they come in the way. Another source of 
food not referred to by Forbes is yielded by true fishes. The sun- 
fishes are. to a considerable extent, spawn eaters, but at least they are 
not notorious for attacks on the spawn of useful fishes, and. so far. 
they are best known for the service they perforin as spawn eaters 
and not for injuries committeil. for it was through forays on the 
eggs of the useless and harmful howfin or dogfish of the lakes 
{A»ila) that its spawn-eating proclivities became most evident. 
Reighard. in his long-continued observations of tlii' nests of the bow- 
fin. found that whenever one was deserted liy its maker it was liable 
to lie raided by sunfishe-. 

When the returning lieat of spring has put new life in the fishes, 
as well as the rest of nature, the sunfish finds its infiuence. and it is 
made manifest in an added brilliancy of coloration to the males and 
the turgid abdomens of the females. They are ready to proceed to 
their [irocreative duties abotit May. The fullest observations of the 
nuptial condition have been made by Jacob Reighard." " Tn the male 
of E It poinoth (jihhoaaa the colors are much brighter than in the 
female. The vermicidar markings on the cheeks of the male are more 
brilliant than those of the female: the opercular ear flap is larger and 
bordered with scarlet and blue: the ventrals of the male are black, 
while those of the female are yellow: the dorsal and caudal of the 
male are nnudi mure brilliantly blue than those of the female. Tn 
approaching the female, in order to induce her to enter his nest to 
spawn, the male elevates or i)utfs out the gill covers so as to display 
their brilliant markings. At the same time the opercular ear flaps are 
erected and the black ventral fins spread out. When in this attitude 
the male faces the female, and it is when seen from the front that his 
display of color is most brilliant. He assumes a similar attitude when 
threatening other males. Tie was never seen to assume this attitude 
except under the circumstances described, so that the display of color 
resulting from the attitude must he regarded as a means of expressing 
the emotions." 

But. like the cock, which it emulates in action as well as decoration, 
the sunfish is apt to excite and incur the hostility of rival males. 

“ J. Itoighanl, Science. April 11, 1902, p. Tuo. 
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-Vccordiiig to Abbott, the courtship of this ^audy fish has been no 
easy matter. Hundreds of his kind, as bright as he, have, like him. 
striven by the hour to clear the field of every rival, and the clear 
waters are often turbid with sand and grass torn from the bed of the 
stream as the older males chase each other from jioint to point, 
endeavoring by a successful snap to mutilate each other's fins. No 
courtship battles among birds are more earnestly fought, and as the 
bird with l)edraggled feathers is wise enough to withdraw from the 
contest and quietly seek a mate when his soiled plumage is in jiart 
restored, so the sunfish with torn fins retires from the contested nest- 
ing ground. But not a sound has Ix-en made by the<e ('xcited fidies 



Fig. 02 — CGUimoii Sunfis.Ii on nest f Ideal t 

except that of the rippling of the water when cut bv their spiny fins 
as they chanced to reach above the surface.” 

Meanwhile the male has selected a spot in very shallow water near 
the shore, and generally in the midst of aquatic vegetation not too 
large or close together to entirely exclude the light and heat of the 
sun, and mostly under an overhanging plant. His choice is apt to 
be in the same general stretch of shallow water as is favored by many 
others, so that a number of similar nests mav be found close together, 
although never encroaching on each other, close bv the shore. Each 
fish slightly excavates and makes a ''aucer-like basin in the chosen 
area, which is carefully cleared of all pebbles. Such are removed 
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by violent jerks of the caudal fin, or are taken up by the month and 
carried to the circular boundary of the nest. An area of fine, clean 
sand or gravel is generally the result, but not infrequently, according 
to Dr. Keighard {in litt.), “ the nest bottom is composed of the root- 
lets of water plants.” The nest has a diameter of about twice the 
length of the fish. 

Very often, if not generally, the row of nests is in water that 
rapidly becomes deeper offshore, so that if the sunfish is alarmed it 
may quickly scurry off into deep water, where it remains till the 
alarm is over. According to Abbott, " the return to the nest is as 
rapid and direct as the exit. Each fish, wherever it may go, has 
some point which is recognized as the terminus of the lane leading to 
the nest, and having found this it speeds up the narrow pathway 
with incredible velocity, and stops as suddenly just at or in the nest.” " 

To the nest thus formed a female is enticed, who is prepared to 
make a deposit of her eggs After a longer or shorter courtship, as 
the case demands, the two come together bringing their bellies close 
to each other, the male a little behind his mate, and eggs and milt 
follow each other in rapid succession. The conjunction lasts for 
about a minute, more or less, and, as a rule, is not repeated very 
soon after. The viscid eggs as soon as laid fall to the bottom and 
become attached to the gravel tliat forms the bottom of the nest. 
According to Dr. Reighard (m litt.) ‘‘ a female if undisturbed takes 
about an hour to lay her eggs, though she may frequently during this 
time leave the nest and return to it again." When the female has 
completed oviposition, she departs and the male assumes sole charge. 
The sunfish, however, is not strictly a monogamist,*' and is not always 
satisfied with the eggs of one female. 

Reighard (1903) has noticed “a case in which an individual male 

“The actions noted Ry Al>bott innst Re manifested only under certain condi- 
tions. I have not noticed analogous instances. 

6 Doctor Abbott was doubtless mistaken in supposing (1884) that “they are 
not merely p.aired for tlie season, but remain a faitliful and loving couple all 
the year and for several years," and that “ in these nests l)oth fishes will often 
be," In nests familiar to me many yeai's ago I do not recall one with more 
than a single fish in peaceful possession, and that a male. Until 1889, however, 
the nest and parental care was entirely credited to the female, or to both. In 
accounts by Godman (1S.S.3), Kirtland (1856), A.gassiz (18.57). Abbott (1884), 
and Stone (1889) this idea is assumed as a matter of course. In 1889, however. 
I urged in Nature (40, 1889, 319) and Forest and Stream (.Aug. 8, 1889) that I 
believed “ that the chief or the sole guardian of the eggs after their deposition 
is the male." as is the case of the Gasterosteids and Silurids (catfishes). That 
such is the case has been later abundantly proved. Keighard recently (190.3) 
has also stated that “ his own unpublished observations on Eupomotin pibbosua 
have convinced" him “that, as surmised by Gill (1889), the female takes no 
part in building the nest or guarding it." 
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ol' E upomotis ylbhosun reared in one nest two broods laid at quite dif- 
tereiit times by two females." The relation between the sexes of the 
sunfish. indeed, is analogous to that of Aniiu which, Reighard thinks, 

may be described as a promiscuous polygaimx" The female enters 
(.r is led by her own impulse to the nest after more or less preliminary 
j)lay or courtship, deposits her eggs, and then departs or is driven 
away. The male having fertilized the eggs redoubles his care. For 
many minutes — it may even be for hours at a time — he may remain 
poised near the middle of the nest, close above the eggs, watchfvd for 
them and against intruders. If a rival approaches too near, he sal- 
lies forth against him and drives him awa}’. One may occasionally 
fall a victim to his zeal if a larger fish, snake, or turtle assail him : 
prudence nevertheless prevails and impossibilities are not attempted ; 
at a man's approach he flees into deep water, and as long as the man 
manifests activity remains away, although rcconnoitei-ing : if tlu' 
man remains inactive :ind perfectiy still, the tisli may return and 
settle over the nest again. Among the most dangerous enemies, how- 
ever, are not the large but the small. The darters es])ecially may 
fleserve their name liy darting upon the eggs and bearing oft’ tliose 
dainties for a meal. Ry Dr. Reighard {in litf.) the blackheaded 
dace (PIniephales noftifns) was found to be thi> most d(>structive to 
sunfish eggs in "Walnut Lake last summer (liX).")). 

John (Todnian. who was the earliest to publish observations on the 
nests of sunfishes, and did so as early as 182S;> or IbflO. fre<iuently in an 
unsportsmanlike manner caught fishes from their nests by means of 
a net. He could " always select the finest and largest of these fish," 
and •• such was their abundance that the next day would find all the 
nests reoccupied.'’ Whether the newcomers actually assumed the 
role of nest guardians or nest assailants was not demonstrated. 

Fur about a week, more or less — it depends on the temperature — 
the male's attention is absorbed in the care of the eggs, which are 
at last hatched. When the larval fry have appeared the parent con- 
siders his work at an end and leaves the young to take care of them- 
'olves as thev best mav. Accordiuii' to Reiuhard. care of the (‘ans is 
only continued until they are hatched." while in the case of the 
black basses it may follow the young fish until they are well grown." 

The prominence of the nests of sunfishes in the landscape of a place 
i' amusingly exemplified by their utilization for forecasting the 
weather by country wiseacres, according to Doctor Abbott, of Tren- 
ton. X. J.. who writes as follows: 

The old men of the iieiahhorhood freciuently speak of them in this connection 
and undertake to forecast whether the coming sinuiner will he wet or dry. from 
the fai t that their nests are sometimes in water a foot in depth, while at others 
less than one-half this depth covers them. These wise old men of the village 
sagely shake their heads when the facts are stated, and remark, if the nests 
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Mre coiuiiaratively ileep, " It w ill lx* a dry summer." and vice versa. This is iiased 
on the supposition that in dry summers the evaporation will exceed the rain- 
fall. and that ihe fish place their nests in deep water to prevent them from 
being left high and dry. 

Doctor Abbott justly acMs that " the absurdity of this is apparent. 
The nests are occupied but for a portion of one mouth, and what the 
Slimmer may be can in no wise affect them; but of tliis the village 
sa^es never think. The trutli is the same spots are used year after 
year, whether the water be high or low.” 

d'he suntish is to a considerable extent used as a pan fish and is at 
least as good as a perch, but on iiccount of its small size (it averages 
less than fi inches) it can not be ranked as an important market fish. 
It has been. nev(>rtheless, the object of considerable demand in diffenmt 
jiarts of the United States, and the United States Fish Commission 
raised and distributed a large number, especially in the early nineties. 
The demand, however, was doubtless to a large e.xtent from dealers 
in fancy fishes and for artificial ponds and hoiGehold oruamentation- 

TIIE CICHI.IDS. 

The next family that may be considered is that of the Cichlids. 
Its chief ri’preseutatives are mile!) like most of the Centi'acliids. but 
there' is cousiih'i'able divi'i'sity in some resjiects. The form varies 
from a high and much compressed body to^in elongated one like that 
of a tiike: the scales ari' geiu'rally of moderate size, in some cycloid, 
in others ctenoid: the lateral line in most is interrupted and double 
for a short distance on the tail, but in a h'w merely deflected : the. head 
is scaly; the nostrils are always single; the jialate is never dentiger- 
ous: there are mostly five branchiostegal rays, and never more than 
six; the lower pharyngeal bones are united, at maturity at least, into 
a single bone. Further, systematists lay much stiH'ss on the faiT that 
they have two rows of filaments to tlu' last branchial arch as well as 
others usual in fishes, but not in the Poniaceutrids, to which they 
are most nearly I'elated. and that there is no subocular shelf. 

'I'he family is almost entirely confined to fresh waters and further 
to those of tropical Africa and America. .V very few have e.xtended 
beyond these bounds; from Africa several into neighboring Asia 
including Palestine: from tropical America one species into sub- 
tropical Texas. 

Until near the close of the nineteenth century it was supposed 
that America evas far richer both in genera and species than Africa, 
but long after the discovery of Lake Tanganyika explorers of the 
animal riches of that great lake, were rewarded with an unexpectedly 
rich harvest of new tyjies of fi'-hes as well as mollusks. Xo less than 
73 species, representing ‘24 genera of Cichlids. had been discovered 
therein u,p to the middle of the year lUOfi. 
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The latest nioiiograiihei' of the family, J. Pellegriii, in 1904 recog- 
nized 294 species of the family, and of these 1(51 were inhabitants 
of Africa (including Syria) and 133 of America. The 294 irere 
ranged by him under 55 genera. The chief authority for African 
fishes (Bonlenger) in 1905 admitted 179 species for that continent, 
and more recently Eegan has enumerated 133 American species. 
Including subsequently introduced or fortified species, there are now 
known nearly, if not quite, 350 species. 

It is especially noteworthy that each genus is strictly limited to one 
(•ontinent or at least continental area, not a single African having 
American rejiresentatives, nor any American an African one. There is 
not. however, a natural aggregate of American types to be contrasted 
with another of African. Nevertheless most of the American tyjH's are 
closely related to each other, and there is not the diversity that is 
manifested by the African. In one respect, nevertheless, the varia- 
tion is much greater. All the African species liave three anal sjiines, 
and three only, while in the American they range from three to as 
many as fourteen. 

Most of the American species at least are very much like the famil- 
iar sunfishes of the North American streams and lakes, and when the 
writer first saw a small school of coscorobs {('iflthiftoma) in a river 
of Trinidad he thought it was one of the familiar sunfishes. Not 
until he had carefully examineil some that ivere caught was lie un- 
deceived. A couple of writers of an illustrated book on the Fishes of 
Guiana (1841) were not only impressed with the likeness, but per- 
petuated their impressions in the nomenclatiire. actually referring 
species of the family to the genera ‘‘ Poi/rnfA ’’ and Centrurchiis 
and so also had two very great ichthyologists (Cuvier and Valen- 
ciennes) been misled by a colored figure of a Cuban fresh-water fish, 
which they referred to the genus Crnfrat'e/iUK, but Avhich pnwed to 
be a member of the characteristic middle American Cichloid genus 
Tleroi^ or Clcl)l(ii<oin(t. Neverthelc'^s the likeness of Cichlids to Cen- 
trarchids is entirely superficial, for they differ in the single nostrils, 
toothless palate, the lateral line, the number and arrangement of 
branchiostegal rays, the single lower pharyngeal bone, and various 
other anatomical characters. Still they may have originated from 
not very remote common progenitors, vdiich were, hoivever, neither 
specialized Centrarchids nor Cichlids. 

The Cichlids exhibit remarkable diversity of oidposition and care 
of the eggs and embryonic young. Some lay their eggs in the 
sand." or. like the northern sunfishes, build a kind of nest in the 
sand or mud in Avhicli they dejjosit their eggs, hovering over them 
until the young are hatched." Among such are the 11 ygrorionus 
{A>itro'iiotu!s) and Cluetohranchus, according to Agassiz. One 
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{Geophagus lapidlfey'a) was observed by Castelnaii in the Araguay 
River to carry many pebbles, one by one in its mouth, to a spot where 
it deposited them to form a nest. These pebbles were the size of the 
end of a finger. In this nest the eggs, resembling mustard seed, were 
laid. 

Like the Centrarchids. the Cichlids, probably generally, exercise 
a iiarental care, but according to some great authorities (Boulenger 
and Pellegrini in most cases the females assume guardianship. 
Pellegrin found that all the individuals ( four) of a common Tilapia 
of Palestine ( 7'. nhnaniK^ examined by him which had eggs in the 
mouth were females. Boulenger confirmed the ovigerous agency of 
the females for many other species. At present, in fact, it appears 
that in most (probably all) of the African Cichlids. at least, the 
females are the egg carrier> rather than the males. 

The earliest information respecting the oral gestation of the Bra- 
zilian species was given by Agassiz (-!‘i0) from observations on ‘‘ a 
species of GoopJiagux'' (the sex not stated). ‘‘The eggs pass." he 
knew not how. " into the mouth, the bottom of which is lined by them, 
between the inner appendage^ of the branchial arches, and espe- 
cially into a pouch formed by the upper pharyngeals. which they 
completely fill. There they are hatched, and the little ones, freed 
from the egg case, are developed until they are in a condition to 
provide for their own existence." He tlid “ not know how long this 
continues." but had “ met with specimens whoso young had no longer 
any vitelline sac. luit were still harbored by the progenitor." Occa- 
sionally. instead of eggs, Agassiz found the cavity of the gills, as 
also the space inclosed by the branchiostegal membrane, filled with 
a brood of young already hatched. The eggs before hatching are 
always found in the same part of the mouth, namely, in the upper 
itart of the branchial arches, ju-otected or held together by a special 
lobe or valve formed of the upper pharyngeals." The cavity thus 
occupied by the eggs was thought by Agassiz to correspond ■' exactly 
to the labyrinth " of the fishes with labyrinthiform itharyngeals. 

AX OLD EGYPTIAX AX'D PALESTINIAN OVIGEBOVS CICHLID. 

The principal and longest known of the Cichloid genera is Tilupia, 
for a long time generally called Chfomix. One species, indeed, was 
familiar to a numerous and highly civilized population thousands 
of years before there tvas an English language. It was the object 
of the angler's as well as professional fisherman’s pursuit along 
the banks of the Nile under the Pharaohs, and was sculptured on 
various monuments. The same species and clo-ely related ones are 
inhabitants of Palestine and undoubtedly were the chief products 



518 


PAEENTAL CAKE AMONG FRESH-WATER FISHES. 


of the fisher disciples of Jesus Christ, but they are not specifically 
mentioned in the Bible. 

Abundant as these fishes are in the lake so celebrated in biblical 
story, no specific mention of any of them, or of any other fishes, oc- 
curs in the Bible. All that came into the nets of the old fishermen 
of biblical times were simply " fish.” But even in that jjrescientific 
age, it was recognized that one of the same kind that abounded in the 
lake was also found in the Nile. Josephus, in his eulogy of the 
beauties of the Plain of Gennesareth, tells that it is " watered from a 
most fertile fountain. * * * Some have thought it a vein of the 

Xile, because it produces the coracin fish as well as that lake which 
is near Alexandria." The coi-acin or crowlike fisli. "O called on ac- 



Fl<i. — The Boh i iTiIapiit uilotirn ). After l.ortet. 


count of the dark or " crowlike ’ color of the fish, w as undoubtedly 
a Cichlid of the genus 7'Ihipia. closely related, at least, to the bolti of 
Egypt." 

Bliat is known of the preliininary advances of the male to the 
female or courtshi 2 i has been (leri\e(l from ob'ciwations of the Tiluphi 
shnotu.s of the “Sea of Galilee" or Lake Tiberias made l)v L. Lortet.'' 

Ihe eggs, which are about as large as shot No. 4 { French measure). 

'■ I.ortot identitied the t'oracimis witli the Chirioid <'atHsh Clariiix. but without 
sufficient reason. 

Lite translation or paraphrase of Lortet 's notice is left US'" written and with- 
(jiit comment save that it appears to have tteen proved that the carrier is 
always the female. It may lie added, however, that I.ortet was, doubt- 
less, peifectly con\'inced that he h.ad reall.v observed the transfer of duties 
fiom the female to the male. An.vone who has attempted to follow a pair of 
acti\e Ashes and to discriminate between them will appreciate how confused he 
may become. Placing too implicit faith in the universality of the rule that the 
male Ash takes care of eggs and young, the fish which Lortet found with eggs in 
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are of a deep blue color. These are deposited by the female in a 
slight excavation which she makes among reeds and bulrushes. 
About 900 is the ordinari’ complement of a good-sized fish. After 
she has laid her eggs the female appears exhausted, and remains 
almost motionless at a short distance from the deposit. The male, 
on the contrary, appears to be much agitated, hovers around the eggs, 
swims without cessation above them, and probably fecundates them 
at this time. Some minutes later he takes the eggs, one after an- 
other. into his mouth and keeps them inside his cheeks, which be- 
come notably swollen and distorted outside. Some of the eggs, how- 
ever, pass backward lietween the branchial arches and find a resting 
place there. These eggs, though not restrained by any membrane 
nor l)y any glairy or sticky matter whatever, remain in place within 
the mouth. The parent never loses them when in the water, and it is 
only when he is caught and thrown on the sand that the eggs fall out 
in consequence of his spasmodic efforts to breathe. Some, liowever, 
still remain in tin- mouth. 

A .soern .xfhicax mack ovrcEROrs ctcHUi). 

The most complete ob.s(*rvationsof the actions of themale guardian 
of the eggs and the care of the eggs as well as young were made by 
another naturalist, X. Abraham, in I'.'Ol. Tlie species whose actions 
Abraham describes was one abundant in Xatal. where he lived, and 
has been named Tihtp'xi pfiihtndcr. 

In the month of Novenilier of thoo I visited a ]>ond in tiie neigh! loiirhood of 
Duriian and received several elirouddes (Tilii/iid). I introdueed them into a 
tank preiiared for tlu'm and kept careful watch, I at once noticed that one of 


month was from that fact assumed to he a maie; evidently dissection was not 
resorted to. 

The article l)y .Mr. .\iiraliain w.-is sent to Doelor Ciintlier and hy him eontrii)- 
uted to the Annals and Magazine of Natural History ( VHI, .t2I-a'jr>). Doctor 
Giinther. in his introductory remarks, stated tli.at '■ one of the specimens sent 
Lto himj is the individual wliieh .Mr. Abraham had under observation for some 
weeks, and is a male." Doctor Boulenger. iiowever. after u.K.-unination of the 
s.-ime individual, and of "a further series of '/'//n/n'n iitiiliniihr. together with 
some T. luitdlciixis. wiiich lie liad received from tlie Rev. X. .\braham. several 
of wliieh have I'ggs in the moulh. as well as in the genital glands, found nil 
the egg carriers to be ft’iiiiilix. Doctor Giinther must, therefore, have assumed 
the egg carrier determined by him to have lieen a male from general principles, 
and not after dissection. ( See Boulenger, T, S.. xvit. pp. .TI.S, .TIU, Oct.. 
1006.1 In accordance with Boulenger's determination, wherever the words 
" he ” and " his " occur in the annals “ she " and " her " are substituted in the 
present article. Boulenger aptly remarks that it " remains unproved whether 
in any of the African or Syrian cichlids the ‘buccal incubation.' as it has been 
called by Doctor Pellegrin. devolves on the male; the instances previously 
adduced being either controverted or unsupported by the only reliable evidence, 
an examination of the genital glands." 
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these llsh showed indications of carrying ova in its mouth. The gill covers did 
not tit closely over the cavity containing the gills, but were distended, making 
the fish look as though it had a swollen head. This fish I removed into 
another “tank," of which it became the sole occupant. This little fish meas- 
ured two inches and three-quarters in length including the tail. The tank in 
which I kept it for observation was a small aquarium measuring eight inches by 
five, with a depth of water of two and a half inches. A few roots of Vallisiieria 
spiralis provided the necessary oxidation of the water. A few days after the fish 
was introduced into this “ tank " tlie swelling out of the gill-covers became more 
marked, until they stood out or rem.ained o{>ened quite a distance from the cavity 
of the gills. Beyond this feature nothing particular was to be noticed for some 
days. But after these days a very interesting stage in the development took 
place. I was enabled to see that the ova had evidently matured, for I could see 
a number of tiny living forms moving about in the mouth of the parent fish. A 
slight development also took place beneath the lower jaw of the fish in the shape 
(}f an expansion of the membrane, which made more room in the mouth and re- 
minded one .somewhat of the dilatable i)ouch attixed to the lower mandible of a 
pelican. This pouch being partly transparent, as well as a portion of the head 
near to it, I was enabled to see fairly well right into the mouth cavity. 

For some minutes nothing could be observed in watching the head of the 
fish but the rhythmic movement of the lower jaw and gills; but after an in- 
terval I could clearly see all the .voung fish in a great state of commotion, 
filling the whole front of the mouth with a living pack of minute dark creatures 
whose movements reminded one of the ways of tadpoles when huddled together 
in dense masses, only with this difference, these tiny fish moved with great 
rapidity. After those creatures had made one of their periodic e.xcursions to 
the front of their parent’s mouth they always retreated out of sight to the back, 
and nothing more would Ite seen of them for a few minutes, and then there 
would be another turmoil and mad rush to the front : but none of them ever 
escaped out of the mouth. I think that these movements might be accounted 
for on the supi>osition that as these embryonic fish began to grow they gave 
the parent fish some inconvenience, and that owing to this the fish was obliged 
to constantly force his growing family from the pharynx to the front of the 
mouth, giving [her] an opportunity of relieving [herself] from the choking 
feeling [she] must have been constantly subjected to. These little fish did not 
swim to the front of the mouth, but were evidently rushed there, as they looked 
like a ball composed of a great number of minute wriggling creatures whose 
real shai)e could not be seen because of the rapidity of their motion, which 
was more a revolving motion than an.v other. I could not see well enough to 
ol)serve whether they were really fish-like in form or embr.vonic, and I did 
not like to disturb the fish enough to find out. I simply kept close watch 
day after day. These movements continue*! for some days, during which time 
I allowed several of my friends to c-ome to my study and witness the strange 
sight, which was regularly repeated every few minutes. 

After two weeks had passed these movements almost ceased for a time, 
and 1 had fears that all was not going well ; but after careful watch for a few 
more days 1 entered my study early one morning, and to my great delight saw 
a large numlier of little fish, very perfect and beautiful, slowly and gracefully 
"wimming al)out near to their parent's head, their movements now being very 
different from the wriggling, hurry skurr.v which marked their movements prior 
to tlieir leaving for tlie first time their i»arent's mouth. I tried to count the 
number of young in tliis shoal so strangely brought into tlie world, l counted 
si.xtj for certain, liut there were i>robably two or three more. And now, being 
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anxious to prove the assertion that the parent fish among the chromides take 
their young into their mouths. I called into my study some of my family and 
asked them to watcli what hap[>ened when I revolved the table top upon which 
the aquarium was stamling. Half a return of the revolving top was sutlicient — 
the whole shoal quickly gathered about the parent's head; [she] opened [her] 
mouth, and into it swam the sixty little fish, leaving us to wonder what had 
become of them. It was a wonderful sight and made a vivid impression upon 
mj’ mind. It is difficult to describe such a sight; oue must see it to appreciate 
it. Swiftly, but in perfect order and with great grace, all the young swam into 
the open mouth of the parent and disapi)eared. I ascertained tliat they meas- 
ured a little more than one-third of an inch in length. The parent fish, as I 
have said, onl.v measured two and three-<iuarters inches, yet [she] found room 
to iiaik away in [her] throat over (iO young, each measuring a third of an 
inch in length. Once safely within [her] mouth, [she] did not let them out 
again for several hours, and tlieii I was fortunate enough to see [her] expel 
them. Two or three were first thrown out of the mouth ( shot out. as a smoker 
puffs out smoke from his mouth! . Then a few more were thrust out. until 
nearly thirt.v were swimming about; then with a circular motion [she] scat- 
tered all the rest almost simultaneously into the larger world of water contained 
in the tank. 

Now that the young fish \vere out the parent fish watched over them. I had 
introduced two fresh-water shrimps into the tank a few days before. The fish 
had taken no notice of them, but now the jealou.s parent chased these poor 
shrimps up and down the tank in sm-h a .savage way that 1 had to take them 
out. I may adil that whenever I wanted to see the young fish swim into their 
[larenfs mouth it was oniy necessary to make some siight disturbance on the 
table, and at once the lieautiful and strange scene was enacted. After two or 
three days the little fish began to venture to the extreme limits of the aiiuarium 
hunting for food, and now, when danger was near, the i)arent fish did not wait 
for the fry to come to [her] — in fact, they did not seem quite so ea.ger to be 
swallowed as at first — but [.>7ic] went after them, .gathering them up one by one 
from all parts of the tank until every one was safe within [her] mouth. Each 
evening aiso. at about sundown, ail the 3oung fish were gathered iq) and kept in 
the mouth all night. I did not watch all night, but when I looked during the 
night I could never see any of the fish about, so I concluded [she] never let 
them out after collecting them at sundown until the next morning. 

The young fish began to grow not only in size, hut in independence, and after 
five days from their fir.st exit the parent fish treated them as though the time 
liad come for them to look after themselves, and soon after [she] took no fur- 
ther trouble with them, e.xcept in the way of fighting any supposed enemy that 
was introduced into the tank. 

I may add that 1 have since observed other fish, with the same result — I 
mean, of course, other chromides (’Titaiiin). 

A SOUTH A3IERICAX XEST-MAKIXG CICHLID. 

In 1901 a number of living individuals of two Brazilian species 
of Cichlids. identified as (reophaffm hmsilienxix and G. gi/m- 
nogenys. were received in Germany, and two aquariists recorded 


'iThe ciehlid figured on page Trio of this article “may be Grophagas braclig- 
iinis Cope." according to Mr. C. Tate Regan {in lift.) who has recently reviewed 
all the American cichlids. 

SM 1905 37 
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observations on their habits in the periodical entitled Natur und. 
Hans (X, pp. 244-24G, 324-328). Those by W. Schroot (pp. 324— 
328) are in part translated here. Schroot obtained four fishes from 



Fn}. 04 . — Ocopltaoiff hnixilunsi'<, male. After Steiiulacliner. 


Paul Xitsche. who procured a number of them from a naturalist 
resident in Brazil (Ilensel). and thus gives his experience: 

Mr. Nitsi'lie placed the fishes for breeding purposes in the then 



Fic O.j — fJropJunjU'i lrai>ilifn'fi‘y, Itmale. After Steindaehner. 


nei\ h started hut since highly flourishing fish-culture establish- 
ment of ilr. Schame. in Dresden, and not long after — in October of 
the same year (1900) — the fislies had propagated. At an exhibi- 
tion which took place in January of 1901. in Dresden, where, among 
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others, a few of these fishes were exhibited by Mr. Schiime, they justly 
created quite a sensation. In the spring of 1901 the young were 
already on the market, and I, as one of the first, obtained four indi- 
viduals. They were fishes measuring abouf -I to 6 centimeters in 
length, which I jdaced in an aquarium of a capacity of about 45 
liters of water. The fishes felt apparently quite comfortable in the 
well-23lanted basin, ate with relish all that I offered them — earth 
worms, raw meat, and daphnia — were seldom seen, and thrived per- 
cejitibly. But after awhile they became more lively in the aquarium, 
and fights and persecutions took jilace constantly. It was then seen 
on closer examination that the four fishes presented a very slight 
gradation with regard to size. And now the largest was contin- 
ually imrsuing the three others, the second largest did not leave 
the two smaller in jieace. and number three made the smallest the 
target of his jjersecutions. The end of the matter was that I with- 
drew the two smaller, which had already their fins very much torn, 
and placed each one by itself, while I left the two larger in the 
aquarium. Meanwhile July had come, and the larger of the two 
fishes seemed to take a special pleasure in digging up the whole 
aquarium, without, however, stopping the persecution of the smaller 
fish. Everywhere he had dug deep holes into the sand, thereby, 
of course, ujirooting many iilants. When about the middle of July. 
I examined the smaller fish more closely, it ajipeared to me as though 
its body had swollen perceptibly. I did not. however, jiay any fur- 
ther attention to this increase in size, for it did not occur to me that 
the fishes, oidy abouf nine to ten months old. Avere already about to 
liropagate. l)ut. on the contrary, I took this increase to be a sign of 
their good condition. But from that time on the behavior of the 
larger fish toward the smaller changed. The persecution stojiped, 
and the larger fish devoted itself exclusively to examining the 
bottom of the aquarium, which seemed to consist of little hills and 
valleys. As the sand covering the dirt layer Avas only about 3 to 4 
centimeters deeji. it hajjjjened in some places that the fish also stirred 
uj) the dirt Avith it. Avhich coukl not but influence the clearness of 
the Avater. At last it appeared to haAe found a jilace suitable for its 
jAurjAose; I came to this conclusion because it busieil itself for a 
greater length of time about this place; it had generally taken only 
a short time in making the other holes. 

After some time I saAV how the fish dug up some vallisnerias in this 
lilace, then pulled at them, and finally juit the jilants aAvay Avith 
evident exertion. After that it deepenoAl the resulting hole Aery 
carefully, fanned aAvay all dirt Avith its caudal and })ectoral fins, and 
Avent in search of the other jireviously so badly persecuted female. 
In the meantime the size of the little fish had further increased a 
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little, and now there was no doubt left in my mind that I had before 
me a highly pregnant female and a male preparing a " cradle — 
consequently a pair. It may be imagined with what expectancy I 
looked forward to Avhat was going to happen. Tn the last days of 
July the ovipositor of the female developed, and on the morning of 
August 1 I found eggs deposited on the side of the aquarium next 
to the window, which I estimated to number from two to three hun- 
dred. Because of the troubling of the water through the digging of 
the male I could only indistinctly discern the parents, which con- 
stantly swam up and down in front of the eggs. After five or six 
days I discovered that the eggs had disappeared from the glass, and 
on turning aside the plants covering the place where the male had 
dug the hole I could discern the constantly moving young. One of 
the parents was continually hovering over the hole and appeared 
to keep watch while the other was feeding. After eight more days I 
noticed one morning that the hole was empty, and on looking about 
T saw the whole swarm of young ones acconqianied by the parents 
in a (.•oriier of the aquarium searching the bottom and the plants. 
And from that time on the young were daily swimming about accom- 
pani('d liy the parents. aiic,l generally so that the female was in the 
midst of the young, while the male would always swim around the 
swarm, on the lookout that none of the little ones should get lost. 
.'Sometimes it happened that one of the yoting stayed behind a little, 
thi'n the clo''(.‘ly watching j)arent took the little one into its motith 
and spit it out again in the midst of the swarm, whereupon the yoitng 
one turned a few sonier-aults and then swam merrily away. To be 
sure. T al'O saw at ditl'ereiit times that the male diil not haudh* the 
young very gently: indeed, at times it would seize them so roughly 
and spit them out again with such violence, that they could not stoji 
their somersault' and slowly sank to the bottom, where they lay twist- 
ing and quite 'lowly ri'covered. In three or four cases the young 
j)erished throtigh the rough treatment of the father. Bvei'v evening 
the young were taken to the hole where they remained during the 
night. 

This j.retty exhibition of family life lasted about four weeks and 
the young had already grown somewhat. Then came, in September, 
some \ery cool days and yet cooler nights, and the number of the 
young (lecreasi'd every day. while the behavior of the jiarent fishes 
to one another became as before, so that I was finally obliged to pro- 
t(‘ct till' female from the bites and hits of the male by removing it 
from the basin. The weather became yet colder and with it the 
number of the young steadily decreased. I had not at mv disposal 
an a(|uarium caiialile of btung heated and so had to see bow the voung, 
one after another, disappeared. The male seemed hardly to care 
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about them any longer, ami at la^t I counted only ^e^■en of them. 
Those I took out of the basin and placed in a little breeding tank. 
They held their own in it for a few days more, but finally one morn- 
ing tlte last one was dead. 

Later I had prepared a small aquarium capable of being heated 
and in wJiich I intended to have the parent fishes winter, but only a 
few days later I was obliged to isolate the female, as the male had 
been too hard on her. This time the female did not recover from 
the bites and wounds received, and after two days I found it floating 
dead on the surface of the water. The male, however, was very well 
during the entire winter. I had provided the a(piarium which it 
occupied with only a sand bottom, into which I had put a few plants 



Fig, 9G . — Gcopliaijus hrachi/iirus. 


{Elodeti denso). In this sand the fish dug one hole after another 
during the whole winter, whereby the plants ivere of course continu- 
ally pulled out. In the beginning I always put the plants back into 
the ground when I saw that they had been dug up. But I became at 
last tired of continually replacing the plants and left them as the 
fish wanted to have them. Gradually it got them all dug up, exce23t- 
ing one behind which it had its [dace of hiding and of rest. When 
it saw anything moving in or near the aquarium, it took refuge 
behind this plant. In February 1 was obliged to give away this fine 
fellow for want of room. It stayed with its new ^lossessor a few days 
in a tank without any bottom soil whatsoever, and whether it there 
missed the digging as a condition of living or whether it became 
diseased I can not tell. The short and the long of it is that it soon 
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followed its children and its mate into eternity. Thus the pretty 
fish disappeared from my aquariums, for I had given away the two 
smaller ones in October. 

THE ANAB.VNTOUJEANS. 

In tropical Asia and Africa, countries where a long “dry season’' 
alternates with a “ wet ” one when showers are frequent, live a num- 
ber of fishes with singular appendages to the branchial skeleton. 
They have in common a vascular suprabranchikl respiratory organ, 
which is developed around the topmost joints, or epibranchials, of the 
first of the branchial arches. By means of this they are able to 
breathe air direct, and are consequently admirably adapted for life in 
countries where the streams and ponds dry up or shrink so that ordi- 
nary fishes would be deprived of a sufficient amount of oxygen in the 
'vater. Not only are they not dependent on the supply of oxygen in 
the water, but they demand more and have developed to such an 
extent as to require air direct, and if prevented from obtaining such 
die of asphyxia. 

There are at least tw'o families which are so distinct as to have 
been far removed from each other by some modern ichthyologists, 
although by the older ones all the species were associated in the same 
family. Most of them have the normal union of the pelvic bones with 
the shoulder girdle by a direct connection of the respective bones. 
These belong to the Gourami family (Onphromcnidu). Others have 
the pelvic bones rather loosely connected by ligament with the shoul- 
der girdle and have consequently been removed from the Acanthop- 
terygians and associated with the mullets and related fishes in the 
suborder Percesoces. They form the family of Anabantids and are 
best known through the Anaha/i ticandeua. in 2)opular [parlance desig- 
nated the climbing fish, and in the Malabar or Tamil language the 
paumi-eyri or sennal, one signifying " tree climber.” Sometimes 
united with the Osphronienids and sometimes distinguished as dis- 
tinct families are two monotypic groujas designated Helostoinids and 
Luciocephalids. 

A little detail explanatory of the structure referred to is here 
necessary. 

The upjiermost element but one of one pair (the first) of the gill- 
bearing arches is peculiarly modified; that is, the element (called 
branchilwal) of each side, instead of being straight and solid as 
m most fishes is excessively developed and provided with thin plates 
or folds erect from the surface of the bone and from the roof of the 
mouth to which the arch is attached. These plates, by their inter- 
section, form chambers, and are lined ivith a vascular membrane 
which is supplied with large blood vessels. There are corresponding 
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cavities to receive these appendages. It was formerly postulated 
that this apparatus had the office of receiving and retaining supplies 
of water which should trickle down and keep the gills moist ; such 
was supposed to be the adaptation for the sustentation of life out of 
the water. The experiments of Surgeon Day and others, however, 
threw doubt uiion this alleged function and tend to show (1) that 
these fishes die " when deprived of access to atmospheric air, not 
from any deleterious properties either in the ivater or in the ap- 
paratus used, but from being unable to subsist on air obtained solely 
from the water, aerial respiration being indispensable:" (2) “that 
they can live in moisture out of water for lengthened periods, and 
for a short and variable, time in water only;” (3) “that the cavity 
or receptacle does not contain water, but has a moist secreting sur- 
face in which air is re- 
tained for the purpose of 
respiration, and it seems 
jirobable that this air. after 
having been supplied for 
this purpose, is ejected bj' 
the mouth and not swal- 
lowed to be discharged per 
anum.’" 

In fine, the two respira- 
tory factors of the bran- 
chial apparatus have inde- 
liendent functions: (1) the 
labyrinthiform or phar- 
yngeal portion being a 
special modification for the 
use of atmospheric air: (2) 
the gill filaments discharg- 
ing their normal function. 

If. however, the fish is kept in the water and prevented from com- 
ing to the surface to swallow the atmospheric air, the labyrinthiform 
ajiparatus becomes filled with water, which can not be discharged 
owing to its almost noncontractile power. There is thus no means 
of emptying it. and the water probably becomes carbonized and unfit 
for oxygenizing the blood, so that the whole of the respiration is thus 
thrown on the branchiae. This will account for the fact that when 
the fish is in a state of quiescence it lives much longer than when 
excited, whilst the sluggishness sometimes evinced may be due to 
poisoned or carbonized lilood. 

Later investigations, especially those of X. J. Zograf on Pohjaenn- 
tliw^ in 1888. have confirmed these results. 

The suprabranchial or ejiibranchial organ varies in complexity 


A. 



Kid. 1)7. — nranchlal aiipnralus of a fish with 
lahyrinthiforoi pharyn^^eals, the (xourami, Os- 
phrotnPHus tjurnmi: a, articular process of epi- 
hrauchial ; c. c<»pula or lia&ibrunchials ; /. laby- 
rinth-plates of epilirancbial of first branchial 
arch : wf, muscular process of epibranchial ; p, 
pharymreals : i/, basihyal : 1. Hypobranchial ; 2, 
Ceratobrancbial ; Z, Epibranchial ; 4, Epipharyn- 
?eals or Upper pharyngeals. 
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with age. At first there are, as the basis, exceedingly thin bony lam- 
inae, which increase in number and plication with time, till finally 
they well merit the designation of labyrinthiform. if not “ labyrin- 
thiform branchiae,’’ which was conferred on them by Cuvier. The 
osseous laminte are covered with a special mucous and aeriferous tis- 
sue and functions as a lung. It is by means of this organ that the 
fish is enabled to avail itself of a supply of air which it seeks or is 
forced to avail itself by stress of circumstances. 

Although occurring in ti-opical Asia and Africa,” the Anaban- 
toideans are by no means found everywhere in those countries, and 
their distribution indeed is remarkable. The Anabantids are more 
widely distributed in Africa than in Asia, but while the Osphrome- 
nids have a wide range in southern Asia and the archipelagoes, they 
are limited (so far as known) to a single genus and species {^licm- 
futu finis nutrchn), restricted to tributaries of a single river of western 
Africa — the Ogowe. Consequently, a vast area exists between the 
present headquarters of the family and the area where a single relict 
survives to bear testimony to the former extension of the family. 
IVhy fishes apparently so well fitted for the struggle of life should 
have succumbed is one of the many mysteries which constantly con- 
front the naturalist. 

Only one of the Anabantoidean families — the Osphromenids — re- 
quires notice hero. Its members construct remarkable nests. 

THE eSl>IIKO.MENn>S. 

The Gourami family have an oblong and rather irregular body, 
covered with scales which extend over the head : the head and mouth 
small, the palate toothless, and the fins very diverse. Almost every 
genus is distinguished by special fin modifications, but the anal always 
extends farther backward than the dorsal. The ventrals are more or 
less behind the roots of the pectorals and have a spine (in one genus 
atrophied) and an outermost more or less elongated ray developed at 
some expense to the others — that is. the others are reduced in length 
or more or less suppressed. 

There is an extraordinary range of variation in the dorsal and anal 
as well as ventral fins. At one extreme are the Gourami and its near 
relatives, who>e fins are very long and have numerous spines, and at 
the other the pla-kat or fighting fish {Bctta piiffiia.v), deprived of 
both dorsal and anal spines. Again, at one extreme are the Poly- 
anintliK with the completely developed ventrals (having a spine and 
five rays) of an ordinary acanthopterygian fish, and at the other the 
7 rH-hogasters, with those fins each represented by a single filamentous 
ray. Between such extremes are a number of intermediate forms, 
which certifi’ to the fact that such differences do not have the value 
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they do in the case of other tithes and that the family in Avhich they 
are combined is a natural one. So far as the ventrals are involved, 
the gourami is one of the intermediate types, having all the rays hut 
the outer filamentary one much abbreviated. 

Each of the genera Avhose ovipositing habits are known has its oavii 
special method for the elaboratioti of the nest. The simjilest of these 
nests is that formed by the T I'ichociaster ftisekdus; next to it is that 
of the fish of paradise {Min ropoiJiii^ rir>di-<turat)is) . That of the 
gourami is the most complex. A notice of the first can alone be 
given here. 

Tin; p.Ai.NTsew fish. 


The T rlf]iO(/iixt(i‘ fdxflatuK (generally named ('olixd rulpark in the 
popular accounts of it) has a wide range in the waters of India. The 
ground color is greenish abo\o, light below, and fourteen or more 
oblique orange bauds traverse the sides, but besides these are brilliant 
colors which have gained for the fish the English name rainbow 
fish and the French eipiiv- 
alent poisson arc-eu-ciel. 

It sometimes grows to a 
length of about o inches, 
but those of ail inch and a 
half are the most common. 

The first and best account 
of its nesting was given by 
Paul C^irbonnier in 1S75. 

Here is a translation which 
Avas originally published ill 
the Annals and Magazine of Xatural History for February. ISTti. 
The next year (187(1) the author's son. Pierre Carbonnier. gave later 
obserAations in the Bulletin de la Societe d'Acclimatation (p. 11-21). 



Fig. 9S.— The Rainbow fish ( Tnchoiiafter/'ifdatits). 
.After Day. 


The rainbow fish is met with in the tanks and tlitelies of tlie country watered 
bj' the Ganges. Its length nei'er e.xceeds 4 centiineters. It is one of tlie prettiest 
of known fishes. One is agreeably sur|irised witli tlie oxulierance of colour that 
nature has bestowed upon tliis little .aniimd : but its most important peculiarity, 
from a .scientilic iioint of view, is its mode of nidifieatiou. 

As the spawning time approaches, the male, siireading his brilliant fins, plays 
round the female, showing her his bright colours; with his long ventral filaments 
he pats and touches her in all directions, until, overexcited by his caresses, she 
takes to flight. I believe that all these graceful movements of the male fish, 
all these amorous proceedings, infiuence the physicai condition of the female 
and aid the maturation of the ova. 

The male fish then commences the preparations for oviposition. Seizing a 
little conferva in his mouth, he carries it to the surface of the water. The 
plant, from its greater density, would fall back very rapidly to the bottom ; but 
our little workman sin ks in a few bubbles of air. which he divides and places 
immediately beneath the iilants so as to prevent them from descending. He 
repeats this process several times, and thus, in the first day form.s a floating 
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island 8 centimeters in diameter. The l)iii>)>Ies of air are not coated with a 
greasy liquid as in the case of the fish of paradise. MncroporlKs riridi-auratua : 
all those which approach snttii iently to touch, unite together and fuse into one. 

The next day the male continues his provision of air. which he now accumu- 
lates towards the central i)oiut. These hiiiibles exert a pressure from below 
upwards, the conseiiuence of which is the elevation of the vegetable disk, which, 
issuing from the water, becomes converted into a sort of a dome floating on the 
surface. 

The nest being completerl outwardiy. the fish busies himself with giving it 
a firmness which may iirotect it from shipwreck. With this view, he creeps 
upon it in all directions and glides over its walls to smooth the surfaces : he 
forcibly lu'esses this felt with his muzzle and his chest. If one of the twigs 
is too prominent, he seizes it .and removes it or, liy means of successive pushes 
with his head, forces it into the interior. It is liy turning and pressing the wall 
from all sides that he succeeds in rounding it nicely. 

The protective roof being finished, the male phiys about the female, shows 
her the brilliancy of his dress, tom-hes laa' with his ai>penda,ges. and seems to 
invite her to follow him. The female then soon <'nters the nest. While she is 
feeling its walls and examining its arrangements, the male, bent horizontally 
under the entram-e, turns siiirally upon himself, throwing towards the summit 
of the edifice the lustre of his m.any-c<doured tints. 

Si»ecdily the female aiiiu'oaches tlie maU' with <-onlideuce: she aiiplies her 
head near the extremity <if his anal fin. and thus traverses it as far as the 
origin of the tilameuts : tlieu she l>ends into a .semicircle. 'I'he male fish, by 
a like inflexion of his liody. emlmices her. turns her over, and presses her side, 
,an operation the result of which is a first emission of ov.a. These, from tlieir 
lightness, tend of themselves to rise: luit with a foresight which can not lie 
too much admired, the lu.alo, in pressing the fem.ale. forms, by means of his 
dorsal fin. a concave fold, a receptacle in whicli the ova undergo the contact of 
the fecundating principles. Soon .after there is a tiew visit of the female and a 
fresh approximation of the m.ale until the ovaries .are completel.v evacaiated. 

The spawning over, the fem.ale (juits the conjugal roof, leaving to the male the 
care of rearing the family, a task <if which he acquits himself with a truly 
paternal zeal. Collecting with his month the ov.a scattered through the plant, 
he raises them into the nest and arranges them in orderly fashion ; if tliey are 
too much agglomerated, ho separates tliem by a movement of the head and com- 
IJels them to remain in the same plane: then he issues from the nest, and sets 
himself with great activity to contract the entrance. When this operation is 
completed, he goes away and swims round his edifice to examine the whole, and 
not without anxiety, for he often goes to fetch fresh l)ubi)les of air, which he 
places intentionally under donl'tful points or under menaced parts. 

-After seventy hours of incubation, the m.ale. f(;reseeing that the ova require 
fresh care and (piite a different medinm. as<-ends in tlu' nest and pierces its 
summit : the air lailiiiles escape and the dome immediately flattens upon the 
water. iinpris<jning .all the einlnwos. the e-xisbaua' of wliie-h l)egins to l)e manifest. 

Fearing U'st the young should escai>e his care, he sets to wairk to make a new 
barrier for them. For this imi'iNiso he bdlows and traverses the outer margin 
of the floating carpet, and pulling at it with force, separates it from the felt, 
thus olitaining a .sort of iienilent fringe where the stray young ones will not be 
able to pass: then, having got rid of all anxiety from this side, he takes his 
young in his mouth and removes tluau to short distances, always conveying 
those of the circumference toward the center. 

If some of the young fish venture to descend vertically, he goes in search of 
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them, and carries them liack to the protective dwelling. This surveillance lasts 
until the embryos, having undergone their complete evolution, have acquired 
strength and agility. Their numerous and freiiuent flights announce to the 
male the end of his troubles, which comes about eight or ten days after the 
sinking of the nest. 

The same pair of flsh gave me three ovipositions during the summer of 1ST5, 
each consisting on the average of l.K) ova. 

The embryos of the Rainlaiw fish undergo a series of transformations 
analogous to tliose which I first indicated as occurring in Macropodu^. Want 
of time and dread of affecting the existence of animals which are still rare pre- 
vented my following this investigation with all the attention that the .sulgect 
deserves ; but I propose to resume it hereafter. 

All M. Carbonnier's observations on the fish were made in Paris, in 
small acjuaria containing about 15 liters, the temperature of the water 
Ifeing ke 2 it at 23 to 25° C. {— 73.4° to 77.77° F.). 




ox THE RELATIOXS BETWEEX THE UNITED STATES 
OF AMERICA AND GERMANY. ESPECIALLY IN THE 
FIELD OF SCIENCE." 


Ily Herr Wilhelm Walueyek. 


Tho rapid flight of time has again brought round the day that we 
gladly set apart for presenting to our illustrious protector. His 
Majesty the Emperor and King, our veneration and homage, and 
for offering him. with loyal gratitude, our hearty congratulations in 
the name of his Academy of Sciences, in which he retains a vivid 
interest, which he has especially signified this very day by presenting 
to the iiermanent secretary a golden chain of office. 

May our knightly and waim-hearted prince continue to withstand, 
as heretofore, the assaults of advancing years, and may he be enabled 
to maintain enduringly and firmly that noble and lofty aim of his 
political efforts — the preservation of peace and its blessings. Indeed 
the past year, in which we have been forced to witness one of the most 
powerful dramas in the world's history, the first great struggle 
around the shores of the Pacific Ocean, brings this wish home to us. 
In the distant East there still resounds the din of the frightful war 
which began last year immediately after Me had here assembled for 
a festival like the present. And noM- its convulsions approach our 
OM'n borders I IVhat the year just begun may bring to us from these 
almost inconceivable complications Me know not, but one thing Me 
do knoM- — that Me may trust our sovereign. God bless him and 
his house ! 

lYhile a vieM' of the East sIioms us a gloomy picture, toMard the 
lYest Me see a bright and joyous one. In the heart of the great 
America*! L'nion the peoples of this terrestrial ball assembled for 
a M’ork of peace M’hich mc venture to hope may spread its blessings 
as far as our om u boundaries. There indeed our omui country, thanks 

o Address delivered at the public session of the Royal Prussian .\cademy of 
Sciences. .Tanuary 26, 190.5. on the occasion of the celebration of the birthday 
of His Majesty the Emperor and Kin", and the anniversary of Kins Frederick 
II. Translated with revisions by the author from Sitzunsfsberichte des 
Kdniglichen Preusssiehen Acadeinie der Wissenschaften, IV, 26 Januar, 1905. 


533 



534 EELATIOlSrS BETWEEN UNITED STATES AND GERMANY. 

again to the initiative of our Emporer, took an honorable position, 
and in a competitive exhibit of industrial arts, particularly in the 
scientific field, obtained the unqualified and freely bestowed appro- 
bation not only of our American hosts, but also of all other rivals. 
4Ve again recognized where our strength lies. May we never for- 
get it ! 

To the youthful culture of America there was contributed during 
the past year, likewise through a noble impulse of our Emperor, 
a fresh memorial of our renewer and second founder. King Frederick 
the Great, whose memorial day we celebrate together with this anni- 
versary of our Emperor’s birth. The statue of the great king has 
been set up in the capital city of that Union toward which, at the time 
of its formation, he evinced deep interest and a friendU appreciation. 

The fact that there are men who, as has been shown in this connec- 
tion, think it necessary to find fault with everything, and, unfortu- 
nately. others to whose low and hardly human intelligence nothing 
seems worthy of esteem, should not trouble us. All this vanishes be- 
fore the manly words with which the clear, wide-seeing, and nobly 
thinking President of the Ignited States welcomed tlie gift of our 
Emperor. Seldom, indeed, has the gi’eat general, the provident 
statesman, the friend of science, and the true philosopher on the 
throne — Frederick the only — received so just a valuation as that from 
Theodore Roosevelt, the President of the great American Republic. 

It seems api^ropriate on this occasion to recall the attitude of Fred- 
erick toward the young assemblage of States across the ocean whose 
waters afford an unimpeded passage to our own shores, and to asso- 
ciate with it the attitude of modern Germany toAvard the United 
States of to-day. This may be regarded as a legacy of the King, our 
reneAver, reaching doAvii as far as our oAvn times, Avhen thousands of 
hands haA’e grasped each other Avith friendly pressure from across the 
sea. 

George Bancroft.'* the former ambassador of the United States at 
the court of Berlin, Friedrich Kapp,* and. recently. A. Pfister," avIio 
have draAvn so exhaustiA^ely from the archiA’es of this country that 
there hardly remains anything for their successors to find, give us a 
clear picture of the sentiments of Frederick the Great toAvard the 
rising States of the Union, as of the attitude Avhich he assumed 
toAvard them. A strongly AvoA'en historical bond unites the develop- 

o Bancroft. George: History of the United States from the DiscoAery of the 
American Continent. Boston. 1874. 

5 Kapp. Fr. ; Friedrich der Grosse iind die A’ereinigten Staaten von .\inerika. 
I.eipzig. 1871. 

c I’tister. A. : Die Amerikanisehe KeA’olutiou, 1775-1781. Stuttgart und Ber- 
lin, 1904. 
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ment of the great Korth American confederation with that of the 
Prussian Kingdom, indeed with that of the new German Empire, if 
we recognize Prussia as the backbone of that Empire, and that King 
Frederick in the Seven Years' war. beginning with unsettled con- 
ditions, filled out and firmly united this backbone. In truth the Seven 
Years' war was by no means limited to the Germany of that period, 
Austria, and EurojJe. It afl'ectetl as no ^Jrevious war had done the 
Western Hemisphere and laid there the foundation for the wide- 
reaching jDOwer of the United States. England, at first in alliance 
with Frederick, attacked France, the enemy of Frederick, upon the sea 
and in Xorth America, where at that time Canada and the entire 
interior beyond the English coast colonies as far as the great Missis- 
sipjDi River and the southern shores along the Gulf of Mexico were 
under French domination. After an unfortunate beginning in the 
conduct of the war on the part of the English, the day of Quebec, 
September 13. 1T59. when two brave commanders. AVolfe and Mont- 
calm, pitted themselves against each other and l)oth lost their lives, 
decided the conflict in favor of Albion. As a victor's prize for this 
battle, which was small indeed as regards the number of combatants, 
but almost unexampled in its conduct and far-reaching results, the 
English obtained the whole of Canada, as well as unobstructed access 
to the INIississippi from the coast. “■ The Seven Years' war," says Ban- 
croft " in this connection, •' extended the English colonies to the 
Mississippi and gave Canada to England. ‘ lYe conquered America 
in Germany.' said the elder Pitt, ascribing to Frederick a share in 
the extension of the Germanic race in the other hemisj)here: and in 
like manner Frederick in his histories treats the English movement 
in America and his own struggles in Europe all as one so long as 
Pitt was at the helm." 

In this sudden extension of English rule over so wide an area of 
American soil it is easy to recognize one of the quietly working 
factors that led, a few years later, to the separation of the States of 
the Union from old England. George Washington, who as colonel in 
the Seven Years' war helped to win for England this vast country 
from its possessors, was the illustrious leader who afterwards freed 
it from her domination and the gveat statesman who secured j)erma- 
nent stability from the first fortunate successes. After the peace of 
Paris, in 1763. the thirteen English colonial states became aware of the 
future that lay before them — they also had proved their strength in the 
“ Seven Years’ " or rather ‘‘ Nine Years’ " war with France — and al- 
most from that hour we may note their oltstinate opposition to the 
measures of the mother country to which they had not agreed, until. 

a History of ttie TTnited States. Yol. X, p. SO. I'.ostou, 1ST4. 
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in the hiat days of 1773, the " tea party at Boston gave the opening 
signal for sejiaration. 

There is, therefore, a connection, both in time as well as in the jjer- 
sons concerned, between the origin of the Union and the establishment 
of Prussia as the leading (lerman state. 

Xow, the reason for the still closer relations that ensued between 
young America and Prussia upon this historically prepared ground 
arose from the behavior of England toward Frederick in the last 
years of the Seven Years' war, in which she might be reckoned as an 
enemy rather than as a friend. King Frederick had not forgotten 
that, and treated as feasible the propositions of the Colonial States 
then struggling toward freedom in their conflict with England. 
Had he been able to provide a fleet he would have made a commercial 
treaty with the States while the conflict was still going on. Again and 
again he says that without a fleet he has no means of enforcing a 
treatv and making it operative. He was therefore obliged to con- 
tent himself with stopping the passage through Prussian territory 
of the auxiliary troops Fhigland had obtained from various (lerman 
states, particularly from Hesse, and with favorably influencing to- 
ward America other states, among them France and Russia. That 
the young Government might grow up to be the first great Republic 
was to the far-seeing monarch no obstacle. I need only refer in 
this connection to his noteworthy commentary, in which he compares 
the republican and monarchical forms of government." 

We should take care, however, not to place too much weight upon 
the expression by Frederick of favorable and friendly sentiments 
toward the TYited States. Tin' great king was a practical politician; 
sentimental politics were entirely out of his line. With him the 
controlling principle was the welfare of his State, down to that of 
his humblest subject; hence the rule that directed his conduct was 
care for the intellectual elevation and education of his people. Ban- 
croft has an excellent, brief jiassage on this subject: “ Xo prince 
could be further than F’rederick from the romantic attempts to res- 
cue from opin'essiou foreign colonies that were beyond his reach. 
* * * His cares are for the country which he rather serves than 

rules; he sees and exactly measures its weakness as well as its 
strength; he cares for every one of its disconnected parts, and 
gathers them all under his wings: but he connects his policy with 
the movement of the world toward light and reason, the ameliora- 
tion of domestic and international law.” 

let that might and did suffice for the equally practical sense and 
i-ober judgment of the Americans. In the United States Frederick 
the Great has always remained a national figure in the best sense of 


Oeuvres. I. 28!), 


i> History of the United States, Vol. X. p. 103. 
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the Mord. It is worthy of note that one of the last great jiolitical 
acts of Frederick was the conclusion of a commercial and friendly 
treaty with the Xorth American Union. Although that treaty was 
not renewed at the expiration of the term for which it was fixed, 
this was merely because the commerce between Prussia and the XTnion 
was so slight that there were no strong inducements for renewal. 
Besides, matters in France absorbed all attention. Although Kapp 
saj's, with somewhat harsh judgment, that statesmen like George 
IVashington and Ilertzberg had exaggerated and confused ideas as 
to the significance of this treaty, I will not hesitate to quote a few 
words from letters written by Washington to Rochambeau and to 
Lafayette : " Some of the late treaties," says the man who was soon 
to be the first President of the Xorth .\merican Union, “ and par- 
ticularly that between the King of Prussia and the United States, 
seem to pi'omise a new era in negotiation and to iiromise the happy 
consequences I have just now been mentioning. It is the most liberal 
treaty which has ever been entered into between independent powers. 
It is perfectly original in many of its articles, and should its prin- 
cijiles be considered hereafter as the basis of connection lietween na- 
tions, it will operate more fully to produce a general pacification 
than any measure hitherto attempted amongst mankind." " What 
Washington here says is really contained in the articles of the 
treaty, and since these two great contemporaries — King Frederick and 
the first ruler of the Union — cooperated in this manner for a work of 
peace which they conceived as such, this treaty has actually since 
that time served as a jiattorn in all essential respects in our relations 
with America and will still continue to do so. 

But how Greatly have these relations developed in the last one hun- 
dred and twenty years! It is true that at an early period German 
immigrants were already an important constituent of the population 
of the United States. I recall the settlement of Germantown, in 
Pennsylvania, in lt)8?>, to-day a suburb of Philadelphia, from whence 
the first protest against slavery was issued. But how greatly has the 
influx of Germans increased ! Right in the center of America, upon 
the blessed agricultural fields of Missouri. Iowa, Illinois, Wisconsin, 
and Minnesota, around the head waters of the Mississippi, the Ger- 
mans have settled, and there most faithfully shown their national 
peculiarities. Even to-day they constitute, next to the people of the 
United Kingdom, the strongest stream of immigration. And, if I 
may speak my thought openly. I will say that it is most desirable for 
the United States that this should continue. Those who first took 
possession of the land and have since cultivated it belonged to the 
Germanic race. The population derived from the Romance and Sla- 

“ ,S])Mrks. -T : Tlie Writings ef George Washington, Vol. IX. pp. 18:2, 1!>4. 
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vie races lias been mneb less and will remain so. The intermixture 
of the native burn with the inmiifrrants will jiroeeed most qiiickl}^ 
and in the be^t manner if the latter come, from states having a Ger- 
manic population. Condderably more than five millions of the in- 
habitants of the Gnited Estates continue to speak their German 
mother tongue together with English, hold German schools, hear 
German church service, read German books and newspapers pub- 
lished in that country, maintain Gorman customs, and know how to 
combine and preserve a love for their American fatherland with 
faithful memories of their maternal home. 

The commercial and intellectual interchange between us and 
America amounts at the present time to millions of letters, telegrams, 
and articles of merchandise, and to-day wo journey as rapidly from 
Berlin to New York as we did seventy years ago from Berlin to 
Kbnigsberg. Next to the old mother country, Albion, Germany is 
the land whose ties and common interests with America come first in 
question and whose foAering care and requirements must above all 
be near to the hearts of both countries, since it has an historical as 
well as a natural foundation. The former we have endeavored to 
hriefly set forth: the latter is shown by the unusual increase of trade 
which has developed in an entirely natural manner. 

We may also go yet further and say that the relations of Germany 
h) the North American Enion are so determined by the geographical 
position and most intimate — T might almost say family — intt'rests of 
the two countries that they entirely forbid to either any conflicts ex- 
cej)t those of a pcuc('ful character. .America and Germany are to 
each other like l>rothcrs. There may be contentions and misunder- 
standings even among l)rothers. yet this is soon followed in the rea- 
sonable course of things by tbe restoration of harmony. There are 
really no vital antagomstic interests between the (iermaii coasts of 
the Xorth and Baltic seas and the ocean coast of America. This was 
expressed by Carl Schuiv, on the Tth of (.tetober of last year, the Ger- 
man day at St. Lonis." as follows: 

No iiiternatioual frieiiasliiii coukl lie more natural than that between tliis 
Republic and tlie (teianan Eiiipire. There are not only the bonds of blocul and 
the coninion Gennanic spirit that cenient the relationship between the two 
nations: there is abo the complete ahsence of any autattonisni of jti’eat inter- 
ests n'hich iniitht sejiiirate them, in fact, no one i-au show a sinitle point in 
which the ftreat interests of the two countries or even the directions of their 
just ambition run counter to each other. 

These two jtolitical liodics. whoso development has not as vet nearly 
reached the noonday height — indeed, flerinanv. since lu'r unification 
was the later eflectc'il. may in this seiue be called the younger — are 

« See tile Westliclie Post, edited liy Doctor Pretorius. in St. Louis, of October 
7 , 1004 . 
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brought together by what I might call natural gravitation. Each 
can lend to the other light and blessings of all kinds as international 
comity may demand and require, and it is therefore idle and irrele- 
vant to dispute as to which may hereafter be the weightiest and most 
permanent organism. That rests in the bosom of time. It is enough 
that, judging by human foresight, they can not injure (‘ach other. 

The task Avhich. for l)oth peoples and states, arises from this con- 
dition is that of effecting as close a tinion as jtossible and of avoiding 
everything that may tend in any way to injure existing harmony, for 
only so will both secure in the fidlest extent the advantages which, as 
one may say. spontaneously arise. 

The relations between peoples and States are manifold, hardly to 
be followed out and specified in detail. They can only be considered 
i]i large comprehensive groups: The international political i’(>lations 
and actions toward, with, and against each other: the relations with 
a third party, the military relations, and above all the commercial 
and industrial relations. These all deal with questions as to bare 
existence. But in the lives of cultivated jieoples, as soou as a cer- 
tain stage of development is naiched, there are eug('ndered many 
higher relations, such as those of morality and religion, art and 
science. In these matters, peculiar to man alone, lies that which 
makes life worth li\ing. It is the-^e that Ave are iioav to cou- 
sitler, es])ecially tlie scientific relations between the United States 
and (lermany. touching the others only in so far a^^ they have a 
scientific basis or belong to history. I must, however, entirely omit 
the latter, as it Avould lead us much too far afield. 

How shotdd we conduct ourselves toward America in the great 
domain of science!’ In advance I ivill say one thing: If two jx'oples 
are to cooperate in the advancement of culttire as also in the recipro- 
cal demands of material interests, they must respect each other. Each 
must have something good and self-achieved to offer, each must pre- 
serve its own individuality without obtrusive ostentation, but with 
quiet certainty, such as that given by the natural feeling of onein own 
health and strength. He who does not have confidence in himself 
will soon lose the confidence in others. To our American brethren 
sprung from (terman stock I make this a2)peal in relation to the 
departments of art and science as well as those of morals and man- 
ners. Do not form an exclusive clan in a great State — but be a ]iow- 
erful root that brings healthy sap to the mighty. sjAreadiiig. gigantic 
tree to Avhich we may liken the Union. In this way you will obtain 
the regard as well as the full confidence of your felloAV-citizens of 
Anglican stock, who. changed and transfoi'ined by the climatic ex- 
igencies of North America, make the nucleus of what we call the 
-‘American nation.” 
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You maj’ also be of use to us by counteracting tendencies that in an 
unauthorized way threaten to injure the mother country, by helping to 
remove prejudices that arise there and to clear up our own misunder- 
standings and unjust suspicions by pointing out the good which we 
often fail to see either through prejudice or from ignorance of the 
nature of the peoiole and of the political and social institutions be- 
yond the ocean. I am ha])py to say that this conception of the situ- 
ation of the American citizen of German descent and speech pre- 
vailed as the keynote of the many demonstrations which were given 
at St. Louis on ■' German day," celebrated on October h, l!)04, and 
the same note agreeably sounded in my ears wherever I, in social 
circles, discussed this subject with intelligent persons. 

In order to properly and usefully comport ourselves in scientific 
relations we must first of all know what the Americans in general 
think of culture and science, what is tlie present condition of science 
and scientific research in America, and how it is likely to be modified 
in the near future. 

Then' is wickdy spread among us a false prejudice that Americans 
liirn predominantly toward material interests and have but little 
inclination to purely scientific matters. Those who hold this forget 
that the most famous of the American universities. Harvard, in Cam- 
ijridge, Afa-^s.. with an attendance of more than .'■).000 students, cele- 
brated not long ago the anniversary of its establishment in 
that Yale University, at New Haven. Conn., likewise highly regarded, 
has had a festival celebrating the two hundredth year from its 
foundation: that Princeton University, in New Jersey. Ilrowii f^ni- 
ver.'itv. in Providence. It. I., and Pennsylvania Univ(“rsity, in Phila- 
delphia, are about as old as Gilttingen. Lesides these, C’olumbia 
University, in New York, which is striving in noble competition to 
roach the top. was e'-tablished more than seventy years ago. Thev 
forget that in the course of from seventy to forty years five universi- 
ties of the first rank have been established — the Johns Hopkins Uni- 
versity-. in Paltimore: the Cornell University, in Ithaca. A. Y.. for- 
merly under the direction of the worthy Ambassador Andrew D. 
White, who has recently sent ns friendly regards from ovi'r sea in 
his “Antobiography the University of Chicago, III., the Leland 
Stanford University. Cal., and the Berkeley University, to which 
belongs the renowned Lick Observatory, on Mount Hamilton, in Cali- 
fornia. They especially forget the numerous great public libraries, 
with their model equipment, which make it possible for everyone to 
obtain intdlectual food: only a few of us know how much thes(> are 
used by all classes, including the working people. 

Ihe American knows very well that culture brings freedom with 
it, and that in the fierce sfruggle for life, in which he must either 
coiKjuer or be overcome, methodical training is necessary if he would 
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keep his head above water. Hence the great care which we see in 
America for public schools, for advanced schools of all sorts, for 
museums, collections, laboratories, public lecture courses, all of which 
are of an al^undance excelled by only a few similar establishments 
in the Old World, and in })ractical arrangement and facility of use 
are surpassed by none of our institutions, if, indeed, ours do not 
ield to them in this respect. Although their earlier progress was 
rapid, that of the last ten years exceeds all expectations. It needs 
no gift of prophecy to predict that in fifty years the institutions of 
the Union will far surpass ours in good arrangement, ease of use, 
and wealth of means offered. 

Now. has anything been attained by this liberal provision for the 
equipment of scientific work ^ This leads us to some intermediate 
considerations. 

The endowment of any special ability, whether bodily or mental, 
is an inborn gift of nature; it can not be increased in any organ- 
ization beyond the limits permitted by that organization. A math- 
ematician can not bo made out of a man whose brain does not pos- 
sess the necessary endowment any more than a singer can be made 
from anyone who is defective in the auditory centers of the l)rain, 
in the organs of hearing, or in the larnyx. These natural endow- 
ments are sometimes hereditary in families; quite often, indeed, 
perhaps oftener. the reverse is the case. Neither material prospei'ity 
nor high social position have anything to do with the production 
of these endowments; on the contrary we often see capable intellects 
of the first rank emerge from the great mass of the people, from 
those in poor circumstances as frequently as fi'om families that have 
long enjoyed favorable conditions — a benificent. equalizing justice 
of nature. It can not be denied that certain races are preferred — the 
history of science teaches it. They are those which, with a generally 
healthy and harmonious development of the body, possess brains 
of the largest size relative to the body mass. Another factor has 
doubtless an influence here; I refer to all that is generally inferred 
when we use the word “ climate." Neither the excessive darkness 
of the polar regions nor the flood of sunlight at the equator appears 
favorable; it is in the temperate zones, in countries much diversified 
by land and water, with fertile soil and a complete alternation of 
seasons that we find the most favorable climatic factors. In such 
countries one can not rely upon fruit dropping into the mouth; one 
must work, but the work rewards and at the same time tempers the 
worker. I think it is clear that the factor of climate does not work 
directly. I am much more inclined to believe that it works by pro- 
ducing well-built, healthy men with good brains. 

Now, on the other hand, it is not the less true that a certain 
already attained development of culture and institutions likely to 
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have a favorable influence — sxicli as good means of instruction of all 
kinds, libraries, methods of intellectual interchange and others — 
frequently aitl in the Ijringing forward of men of intellectual force. 
That is. however, easily explained. Given two muscles equally tvell 
organized, the one will become more efficient that is given opportu- 
nity to exercise and test itself, so if we take two equally entlowed 
brains the one will prove the most effective to which the Itest intel- 
lectual nourishment and the most opportunity for exercise is afforded. 
How many highly endowed Inatds have never attained their full 
working power because they were surrounded by barriers through 
which they coidd not Iweakt Men of true genius, like Napoleon 1, 
Shakespeare', Gauss, may jterhaps overcome every obstacle and by 
reason of their original creative force do without many things and 
yet siR'ceed. yet easily accessible aids will arouse and insjjire many 
capable men whose powers would otherwise remain obscure. 

If we now compare " old " Europe, as we sometimes hear it called 
over there, witit the Ignited States. Ave find that in both regions the 
climatic factor is of tlie highest quality, although there are in western 
North Anu'rica wide areas unfavorably situated, yet there are very 
larg(' portions of the country that lie as favorably and are as well 
formed as any part of Europe. The human type is the same, for, 
indeed, all Euroite has contributed of her best to form a large part of 
the population of the LTiion. The cultural appliances are similar 
and in many respects better; America excels, as has been said, in 
ease of their use and in their manifold character. With these ap- 
jtliances America will doubtless develop in the course of time a high 
average of capalde men and women in all spheres of activity. The 
advantage of such an intellectual support, equal to all the growing 
demands of the great whole, is to be prized much higher than that of 
an e(|nal number of men of great corporeal strength, although I 
certainly do not wish to undervalue such men; there is no truer 
saying than "Alens sana in corpore sano." The truth of this saying 
has, howe\er. been recognized in the education of American vouth. 

It is 1 )v no means in the natural and techiucal sciences alone that 
the Anu'ricans have distinguished themselves. From the excellent 
work of H. Miiiisterbei'g. j)rofessor of ])hilosophv in Harvard I^ni- 
versity," who is highly regarded on both sidt's of the ocean, we find, 
together with the names of naturalists such as Audubon, Cope, Os- 
borne. iNlarsh, Dana. Alexander Agassiz. Wolcott Gibbs, Rowland, 
Newcomb, and Gcndd — the six last beiiia- all corresponding members 
of our academy — the names of the political economists and jurists, 
Charles Francis Adams and Hnmner; of the historian of literature, 

" iliinsterberg, It., Die Amerikauer. Berlin, 1904. See especially Vol. II, 
chap. i;u. 
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J. Child; the orientalist. Ililprecht; the Sanscrit scholar. Whitne}’; 
the philologist. Hadley; the philosophers. Emerson and Koyce. as 
well as the historians. Bancroft, Parkman. and Charles Kendall 
Adams — all of the best renown. From the imposing list of names 
cited by IMiinsterberg I have here selected only a few best known to 
me by their works, and upon these 1 do not attempt to pass judgment. 

To rightly understand the Americans we must remember that even 
their oldest cities never had walls; that there have never been there 
any of those endless petty fends of single cities with each other and 
with their overlords which, iii their day, did so much to retard the 
development of Germany ; that they have never had imposed upon 
them any compidsory feudal service or similar burdens other than 
those they themselves voluntarily assumed ; that the state does not 
concern itself with religious creeds — there being no question of “ the 
church " as a political force — nor do the cr(*eds trouble themselves 
about the state. All this produces a bi'eadth of view and a feeling 
of personal independence, which feeling the Americans likewise 
inherit from the founders of the Republic and traditionally main- 
tain in their education. This is again reflected in their great scien- 
tific establishments, as an exam[)le of which we may take the Smith- 
sonian Institution at Washington to show the magnificent manner in 
which such views are realized. 

This Institution is a scientific central station for the entire Union 
and effects an exchange of writings and scientific objects with the 
museums and scientific establishments of the entire world. It also 
administers a museum remarkably rich in specimens relating to 
natural histoiw and ethnology, especially that of America; an astro- 
physical ol)servatory of (he first rank, and a zoological garden, which, 
among other objects, seeks to jH'rpetuate those species that are threat- 
ened with extinction. A considerable library of some gOO.OOO vol- 
umes is attached to it. The executive body of the Institution, admin- 
istering it iinder the tegis of the Government, has among its members 
some of the most notable men of the country. At its head is the 
President of the United States for the time being. Besides about 
half a million of dollars appropriated annually by Gongress, the 
Institution controls considerable means <lerived from its own re- 
sources. These are used for L.c furtherance of researches of the 
most various kinds, as is done by our own academies and learned 
societies. 

Other establishments simdar to this are by no means wanting in 
the United States. They have not. however, yet la'ached the impor- 
tance enjoyed by the great academies of the Old A'orhl. The most 
important and noteworthy American academy is the National Acad- 
emy of Sciences. It was established in ly()o. has a membership jirac- 
tically limited to 100 members, and lias always held a very high rank. 
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Membership in it is considered one of the highest honors that can he 
attained hy a scientific man. It is made hy law the accredited 
scientific adviser of the (jovernment. Another of the more important 
^Vmerican academies is the Washington Academy of Sciences, which 
acts as the federal head of a series of affiliated societies devoted to 
anthropology, archieology. general hiologt’, botany, chemistry, ento- 
mology, forestry, geography, geology, history, medicine, philosophy, 
and physical sciences. There should also he mentioned the American 
Association for the Advancement of Science and the Xational Edu- 
cational Association. Besides these I will liere mention the Stanford 
University, at Palo Alto. Cal., as an institution of the first rank. It 
was established in lSi)l, has an endowment valued at $40,000,000, and 
has on its staff of teachers some of th(‘ first scientific men in the 
United States. Its president is the eminent ichthyologist. Dr. David 
Starr Jordan. Finally, I must not omit one of the youngest of the 
great establishments of this kind, the Carnegie Institution, cstalj- 
lished in lOOj! by Mr. Andrew Carnegie, with an endowment of 
$10,000,000. It has for its special object the furtherance of original 
scientific research. 

I was repeatedly able to p(‘rsonally satisfy myself upon the spot as 
to the progress which is being made, especially in the biological sci- 
ences and their application. I also had an opportunity, at the St. 
Louis Exposition, of examining the educational sections in all their 
ramifications. I find that over there they are efiual to us in all essen- 
tial respects — in the kind and method of scientific work, in the value 
of the same, in the fitting up and equipment of laboratories, in the 
materials for instruction, in the style and method of imparting 
knowledge. Visit the great workshop of Alexander Agassiz at Cam- 
bridge: the anatomical laboratories of Huntington, in Xew York, at 
Columbia U ni versity : and of Mall at Baltimore ; the Peabody Museum 
c.t Yale University in New Haven, so richly filled by Marsh: the 
.\nthropological Museum at Xew York, and others, and yon will sav 
that I am right. J. Orth recently pul)lished a similar opinion." In a 
few years the new buildings of the medical school of Harvard Uni- 
versity will b(' ready, and what I saw of the plans at the St. Louis 
Exposition leads me to think that in them we shall have the best vet 
produced. 

I have sought to give a concise sketch of what the great American 
Union has done for science up to the present time and what it is in a 
condition to offer us to-day. M hat should we do to maintain and 
inmaise the natural tii-s that now knit together the scientific interests 
of that great country and our own? 

"Ortli, .T. : tUxn- ■ir'/.tliclic Scliiilen uml -Viistaltea in Norilanierika. Rcrliiicr 
klin, W(icliens<-lirift, tUU.I, No. 2. 
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If we proceed to compare the scientific capital that we possess with 
that of America we find that as regards the factor of climate and the 
creative and thinking human material we are about the same. The 
advantage which we jterhaps pos-<ess as regards the age of our mate- 
rials for culture and historical background will disappear in the 
course of time. Our scientific institutions are good, but we slioidd be 
careful not to restrict the free development that they have always had 
hitherto, for if we do so we will quickly fall behind America. Sci- 
ence and art thrive only in the open air! One thing should be men- 
tioned in which America is excelled by the Old World of western 
Europe — I do not refer alone to (Termany — that is in scientific dis- 
coveries and theories which open entirely new scientific domains, such 
as the discovery of a surprisingly large number of new chemical ele- 
ments; spectral analysis, together with astrophysics; the great discov- 
eries in tin* chemistry of dyes and sugars, the physical chemistry of 
the phenomena of solutions, the licpiefaction and condensation of 
gases, esj)ecially licpiid air. the Riintgen and Becciuerel rays, radium 
and its rays, color jihotography, the electric tlynamo. electric lighting — 
indeed, most of the investigations and applications of electricity as a 
source of power — the electric furnace and its application, so fruitful 
in the arts; then in the field of biology, ahnost our entire knowledge 
of the protista and of bacteriology, with the light which they throw 
upon epidemiology. tv)xiues and antitoxines, the development of the 
doctrine of immunity, the discovery of the recondite jiheuomena of 
fertilization and karyokinesis, the doctrine of descent and Darwinism, 
and. crowning all. the conception and establishment of the great idea 
of the conservation of energy. 

These are the iliscoveries and theories of European investigation of 
the last fifty years; many of them belong to (piite recent time. In 
the realm of the historical anil philosophical sciences also there could 
be named a great number of men and works which ivould easily show' 
that here too the preponderance of attainment still rests with Europe. 
Theodor !Mommsen. !Moriz ITaupt. Leopold von Ranke. Macaulay. 
Gaston Paris. Karl Ritter, and many others of which Europe may be 
proud, have indeed passed away; yet their influence is felt through- 
out many schools that are continuing their work with honor. Europe 
with Germany in the heart of it has retained up to the present day 
its fresh and youthful vigor in intellectual work. So long as the 
climatic conditions remain as favorable as at present there will be no 
lack of intellectual achievement. 

Certainly the education of our youth has hitherto been good, and I 
do not lightly value the inde])endeuce of our universities. It is by 
no means desirable that they all .should be made to correspond to a 
common pattern; wu should rather maintain their well-tested organi- 
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zations. We ought to especially oppose too great a uniformity. The 
strength of an investigator, of a scholar, or of a teacher lies in the 
development of individuality. Among the (Tcrmans the individual- 
ity of investigators and teachers is usually well marked; this should 
remain so, especially as in the United States there is a tendency to a 
certain uniformity. 

Although to-day the cultured states of western Europe occupy the 
first place in the field of science, we should not lull ourselves to sleeji 
with the pleasant security that this will always continue to be so. 
America's scientific capital, as I hav(“ above endeavored to show, is 
equal to ours: she is well in the way of preceding us in the culture of 
the sciences. She has alr-ad v [)roduced in considerable numbers men 
of the first rank who'-e pertormances were also of the fir'-t rank: others 
may arise at any time. Let us then seek to keep company with America 
in our pursuit of science. Let us unhesitatingly allow to the Ameri- 
cans whatever they may have that is as good or better than ours: let 
us gladly receive it from them. If then, by onr own efi'ective ability, 
we preserve their regard and esteem, we shall help more and more to 
strengthen in the scientific field the bond that naturally e.xists between 
America and (lermany. And now T will touch upon an imjiortant 
lioint which at the preHmt time is of marked interest. Hitherto 
young Americans have conn' to us in order to learn from us. but the 
time has now arrived in which the Chu-man and European students 
should travel in America for the purpose of liroadening their culture. 
This scientific exchange from per'-on to person, fi'om uni\ersity to 
university, and from academy to academy should be favored as far as 
possible. Let us be as liberal as they are to us in the reception of all 
those eager for knowledge and in granting them everythiiiir that they 
need. Let us ])laee the ])ublished results of their work in our libraries, 
at least in th“ great Royal I^ibrarv of the chief city of the Empire. 
Let us in all things show them that in (lerniany they come to a people 
intellectually allied, under whose political and social institutions even 
they with tin ir free views may feel at home. Everyone who has 
been their guest can say in their praise that they treat us in this 
manner. .Vmei’icans welcome men of science with a feeling of appre- 
ciation and friendliness. So may we aLo. while fully guarding our 
interests and our individuality, contribute much toward keeping up 
the relations between the two peoples, or indeed toward knitting them 
more closely together. 

e should act toward America as the .\mericans do toward Ger- 
many. A e should also try to form a correct judgment of the scien- 
tific work of the .Vmericans by personal e.xamination. We should, 
more than hitherto, inform ourselves upon the spot. Tt would do no 
harm if annualh' a number of German students should seek to widen 
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their liorizon hy a course at American nniversitie'. I al'^o unhesita- 
tingly favor the selieim' already in operation for several years, and 
first thoroughly agitated hy our fellow-uiemher, IMr. Harnack, of 
allowing American in ve-'tigator'' to give full course^ at (lerman uni- 
versities. atid vice veisa (huanan teachers at American ones. The 
further realization of this arrangeiiKuit should he hailed with joy. 

In the association of acad('mie'^ a wider hond of union is aftorded. 
Our academy has always willingly met the wishes of the learned in- 
stitutions of America, of which not less than forty-four have estab- 
lished with us a regular exchange of jmhlications. 

ilay all this he look('d out for. futher develojted. and followed up, 
in order to adapt itsc'lf to the natural tendency that, in the scientific 
field, incliiies Us toward tlu' United State-. T do not feel called u]ion 
to advise the Americans as to their future hehavior toward us, for if 
we rc'inain at the le\'el w(' now occu[)y they will irhmI no advice, but 
will willingly maintain and extend their old relations in the pathway 
of science. 

And then, aside from all other considerations, looking merely upon 
science and its service. N\ ill not such an intercourse fulfill the noblest 
and highest mission that comes within the provini'e of science — the 
advancement and ehu ation of culturi“ from jteople to jieople 1 

Howev(‘r, iii these thoughts we only ri'Hect the sentiments and re- 
solves of our gri'at proti'ctor. tlu* Kmperor and King, whose birthday 
tve here celebrate. .\s tlu' history of his reign une(|ui vocally shows, 
he cherishes for tlu‘ traus-Atlantic Ivcpublic the same open and 
friendly feelings as did his great ancestor. IVe can to-day otfer no 
more suitable wish than this; 'I'hat the nobh'st aspirations of both 
peoples, carrying blessings in their train, may be fulfilled. 

There is yet another ni-h that is ne;ir our hearts to-day. which, 
with due respect, we may be allowed to exi)ress. Ilis Imperial High- 
ness the Crown Ih-ince of the Cerman Kmjtire and of Urussia has 
contracted an engagement with a noble pi'incess. who will be called 
to stand by his side during life while he accomplishes the lofty task 
whi(‘h will in the future be assigned to him. Hay hope and peace, 
health and blessings attend the imperial and royal pair. 




Walter Reed. 
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A Memoir. 


By Walter D. McCaw. 


It is given to but few scientific men to biy bare a secret of nature 
materially affecting the prosperity of nations and the lives, fortunes, 
and happiness of thousands. Eewer still succeed in so quickly con- 
vincing brother scientists and men in authority of the truth of their 
discoveries, that their own eyes behold the glorious result of their 
labor. 

Of the fifty-one years of Walter Reed's industrious, blameless life, 
twelve only were spent in the study of the special branch of science 
in which he became famous, but his name now stands with those of 
Jenner. Lister, and ilorton as among the benefactors of humanity. 

Walter Reed was born in (xloucester County. Va.. September 13, 
1851. the son of the Rev. Lemuel Sutton Reed and Pharaba White, 
his wife. 

The cii'cumstances of his family were inodest. and some of the 
years of liis boyhood were spent in a much-troubled section of the 
South during the great civil war. He acquired, however, a good 
preliminary education, and at an age when most boys are still 
in the sclioolrooni. he began tlie '^tudy of medicine at the University 
of Virginia, graduating as M. D. in IStiH. when only IT years old. 

A second medical degree was received later from Bellevue Medical 
College. Xeiv York, and then came terms of service in the Brooklyn 
City Hospital and the City Hospital, Blackwells Island. 

Before the age of dl, Reed was a district physician in Xew York 
City, and at dd one of the five inspectors of the board of health of 
Brooklyn. 

He entered the Army of the United States as assistant surgeon 
with the rank of first lieutenant in 1875, and for the next eighteen 
years, with the usual varying fortunes of a young medical officer of 

« I’ublislied by Walter Reed Jleniorial .Vssociatioii, 1904, and reprir.ted by per- 
mission. 
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tlio Army, ho sorvocl in Arizona. Xohra^ka, Dakota, and in tho Sonth- 
ern and Ea^torn Stato'. 

Acoordiii”' to the oxin'onoios of tho >orvico ho was movod fre<|nontly 
from station to Aation. ovorvwhero rooojrnizod hv men of- his own age 
as a charming and ‘.Ym])ath(>ti<‘ companion, and hy older othcers as 
an earnest and intelligent physician whose industry, fidelity to duty, 
and singularly good judgment gaye hi'illiant })romise for the future. 
Tn th(‘ ])oor cal)ins and dimouts of the pioneer-^ in the sparsely settled 
districts where he served his flag Heed was e\er a messenger of heal- 
ing and comfort. At that time army posts on the frontier nere 
Usually remote and with small garri'-ons. The young medical officer, 
generally the only oue at the station, was calk'd upon by the settlers 
for miles around. Without lu'lj). and with only such instruments 
and medicines as could be hastily 'tnth'd in his saddh'bag. he was 
summoned to attend a fractnn'd thigh, a <'hild choking with diph- 
theria. or, most trying of all. a complicated childbirth. 

Such experience sehools well in -elf-reliance, and in the formation 
of (juick and accurate observation. 

For a man like Reed, already an earnest student, no better prepara- 
tion could jierhaps have been had.^ Ilis earli('r army service must 
have singidarly tended to (h^velof) in him the very (pialities most nec- 
essary to his final siu'cc'ss. To the (>nd of his lib' it was noticeable 
that even when he had long gi\a‘n ip) the prai/tice of medicine for the 
work of the laboratory, he wa- nevertheless unexcelled at tlie bedside 
for rapid, unerring diagnosis and .sound jinlgment in treatment. So 
also were the series of experiments which roblied yellow fever of its 
terrors esjiecially remarkabh' for sim|)licity. accuracy, and complete- 
ness. or they nt vei- would hav(‘ so (|nickly (aiin inced the workl of 
their truth. Too much reverence for accepted teaching- and too lit- 
tle experience in grappling with difficulties nnas-isted and they 
might never have been conceived or carrieil out. 

In 1S',)0 he wa- a—igned to duty in Baltimore and remained there 
over a year. Here h(' had the great advantage of working in the 
laboratories of Johns TTojikins Tbiivi'rsity and the happiness of win- 
ning the close friendship of his distinguished teacher. Prof. William 
II. Welch. 

In 1S!>:5 Reed was promoted surgeon with the rank of major, and 
in the same year was detailed in AVashington as curator of the Army 
IMedical Wu-eum and jirofessor of bacteriology at the newly oi-ganized 
.Vrmy iMedical School. Hen* he worked indu-trionsly at his spe- 
cialty and wrote miuiy valuable monographs, all characterized by 
accuracy and originality. His excellent judgment made him esj^e- 
cially valuable in investigating the causes of epidemic diseases at 
military jio-ts and in making saintary inspection-. He was therefore 
frefiLiently selected for such work, which, with his duties as teacher 
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and member of examining board'', occupied mncli of the time that 
lie would otherwise liave >pcnt in his lalioratorv. Here again it 
seems that duties which must often have been irksome were specially 
fitting him for his culminating work. 

During the Spanish-American war the camps of the volunteer 
troo])s in the United States were ileva-^tated by typhoid fever, and 
Major Reed was selected as the head of a board to study the causa- 
tion and spread of the disease. This immense task occupied more 
than a year's time. IVith the utmost patience and accuracy the 
details of hundreds of individual cases wen* grout)ed and studied. 
The rejiort of the commission, now in course of imblication by the 
(iovernment, is a monumental work which must always serve as 
a basis for future study of the epidemiology of typhoid fever. 

The most original and valuable work of the lioard is the proof 
that the infection of typhoid fever is spread in camps by the com- 
mon fly and by contact with patients and infected articles— clothing, 
tentage, and utensils — as well as by contaminated drinking water. 

In June. IbOO. Major Reed was sent to Cuba as president of a board 
to study the infectious diseases of the country, but more especially yel- 
low f(‘ver. Associated with him were Acting Asst. Surgs. James Car- 
roll. J(‘sse M’. Lazear. and A. Agramonte. 

At this time the American authorities in Cuba had for a year and 
a half endeavored tc.) diminish the disease and mortality of the Cuban 
towns by general sanitary work, but while the health of the popula- 
tion sltowed distinct improviunent and the mortality had greatly 
diminished, yellow fever apparently had been entirely unaffected by 
these measures. In fact, owing to the large number of nonimmune 
foreigners, the disease was more fretpient than usual in Habana and 
in Quemados, near the camp of American troops, and many valuable 
lives of American olKcers and solditu’s had been lost. 

Reed was convinced from the first that general sanitary measures 
alone would not check the disease, but that its transmission was 
probably due to an insect. 

The fact that malarial fev(‘r. caus(>d by an animal parasite in the 
blood, is transmitted from man to man through the agencv of cer- 
tain moscputoes had been recently accepted by the scientific world; 
also, several years before. Dr. Carlos Finlay, of Habana. had ad- 
vanced the theory that a mosqiuto conveyed the unknown cause of 
yellow fever, but did not succeed in demonstrating the truth of his 
theory. 

Dr. IT. R. Carter, of the Marine-Hospital Service, had written a 
paper showing that although the period of incubation of vellow 
fever was only five days, yet a house to which a iiatient was carried 
did not become infected for from fifteen to twenty davs. 

To Reed’s mind this indicated that the unknown infective agent has 
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to undergo a period of incubation of from ten to fifteen days, and 
probably in the body of a biting insect. 

Up to this time the most generally accepted theory as to the causa- 
tion of yellow fever was that of Sanarelli. who claimed that the 
bacillus icteroides. discovered by him. was the specific agent of the 
disease. iNIajor Reed, in association with Doctor t’arroll. had, how- 
ever. already demonstrated that this bacillus was one widely dissemi- 
iiated in the United States and bore no special relation to yellow fever. 

In June, July, and August, 1000. the commission gave their entire 
attention to the bacteriological stiuly of the blood of yellow-fever 
patients and the post-mortem examination of the organs of those 
dying with the disease. In 21 cases where the blood was repeat- 
edly examined, as well as in 11 carefnllv studied autopsies, bacillus 
icteroides was not discover'd nor was there any indication of the 
ju'esence in the blood of a specific cause of the disease. 

Application was made to Gen. Leonard AAod. the military gov- 
ernor of Cuba, for permission to conduct experiments on nonimmune 
jjersons and a liberal sum of money re(piested for the purpose of re- 
warding volunteers who would submit themselves to experiment. 

It was indeed fortunate that the military governor of Cid>a was 
a man who by his breadth of mind and special scientific training 
could readily apj^reciate the arguments of Major Reed as to the 
value of the proposed work. 

Money and full authority to proceed were ])romptly granted, and 
to the everlasting glory of the American soldier, volunteers from the 
Army otfei’ed themselves for experiment in plenty, and with the 
utmost fearlessness. 

Before the arrangements were entirely completed. Doctor Carroll, a 
member of the commission, allowed himself to be bitten by a mos- 
quito that twelve days ])reviously had tilled itself with the blood 
of a yellow-fever patient. He suti'ered from a veiw severe attack, 
and his was the first ex])eriznental case. Doctor Lazear also experi- 
mented on himself at the same time, but was not infected. Some 
days later, while in the yellow-fever ward, he was bitten bv a mos- 
quito and noted the fact carefully. He accpiired the disease in its 
most terrible form and died a martyr to science and a true hero. 

No other fatality occurred among the brave men who, in the course 
of the experimeiits, willingly exposed themselves to the infection of 
the dreaded disease. 

A camji was especially constructed for the experiments about 4 
miles from Habana. christened Camp Lazear in honor of the dead 
comnule. The inmates of the camj) were put into most rigid quar- 
antine and amjde time was allowed to eliminate any possibility of 
the disease being brought in from Habana. 
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The personnel consi'^ted of tliroc nurses and nine noninimunes, all 
in the military service, and included two physicians. 

From time to time Spanish immigrants, newly arrived, were 
brought in directly from the immigrant station; a person not known 
to l)e immune was not allowed to leave camp, or if he did was for- 
bidden to return. 

The most complete record was kept of the health of every man to 
he experimented upon, thus eliminating the possibility of any other 
disease than j’ellow fever complicating the case. 

The mosquitoes used were specially bred from the eggs and kept in 
a building screened by wire netting. AVheu an insect was wanted for 
an experiment it was taken into a yellow-fever hospital and allowed 
to fill itself with the blood of a patient: afterwards at varying inter- 
vals from the time of this meal of blood it was iturposely applied to 
nonimmunes in camp. 

In December five cases of the disease were developed as the result of 
such applications; in January, three, and in February, two. making 
in all ten. exclusive of the cases of Doctors Carroll and Lazear. Im- 
mediately iqton the api)earance of the first recognized symptoms of 
the disease, in any one of these ('xperimental cases, the patient was 
taken from Camp Lazear to a yellow-fever hospital, 1 mile distant. 
Every person in camp was rigidly protected from accidental mos- 
quito bites, and not in a single instance did yellow fever develop in 
the camp, except at the will of the experimenters. 

The experiments were conducted at a season when there was the 
least chance of naturally acquiring the disease, and the mosquitoes 
used were kept active by maintaining them at a stimmer temperatuiv?. 

A completely mosquito-jtroof building was divided into two com- 
partments by a wire screen partition: infected insects were liberated 
on one side only. A brave noiiimmune entered and remained long 
enough to allow himself to be bitten several times. He was attacked 
by yellow fever, while two suscei)tible men in the other compartment 
did not acquire the disease, although s]ee])ing there thirteen nights. 
This demonstrates in the simplest and most certain manner that the 
infectiousness of the building wa^ due only to the presence of the 
insects. 

Every attempt was made to infect individuals by means of bedding, 
clothes, and other articles that had been u.sed and soiled by patients 
suffering tvith virulent yellow fever. 

Volunteers slept in the room with and handled the most filthy 
articles for twenty nights, but not a symj)tom of yellow fever was 
noted among them, nor wa^ their health in the slightest degree 
affected. Xevertheless they were not immune to the disease, for 
some of them were afterwards purposely infected by mosquito bites. 


SM l!)0o 



554 


WALTER REED. 


This experiment indicates at once the uselessness of (lestroYing rain- 
able property for fear of infection. Had the people of the United 
States known this one fact a hundred years ajro an enormous amount 
of money woidd hare been sared to householders. 

Besides the experimental cases caused by mosquito bite, four 
iionimniunes were infected Iw injectin<r blood drawn directly from 
the reins of yellow-fever tjatients in the tii^t two days of the disease, 
thus demonstrating the presence of an infectious agent in the blood 
at this early period of the attack. 

Even the blood serum of a patient, passed through a bacteria-proof 
filter, was found to be capable of causing yellow fever in another 
person. 

The details of the exjteriments are most interesting, but it must 
here suffice to liriefly smu up th(‘ jtriucipal conclusions of this admi- 
rable board of inve>tigators. of which Tv('ed Avas the master mind: 

1. The sjiei-ilic a.ceiit in th(> <'!ius;Uicjii of yellow fever exists in the blood of 
a iiatieiit for the lirst thret' days of his attack, after whiidt time he ceases to 
be a menace to tlie hcaltli id' otlud's. 

2. .\ mosquito of a siu,ixle s[iecies. slri/om i/iii fiiKciiitii. incestinc the blood of 
a patient durhif; this iiifcctiv<> pm'iod is jiowcrless to coiney tlu' disease to 
another person by its bite until about twelve days h.ave elai)sed. but can do so 
thereafter for an indefinite period, probrdily duriiifr the remainder of its life. 

:->. The disease can not in nature be spread in any other way than by the bite 
of the previously infected Stegomyia. .\rtieles ti.setl and soiled by patients do 
not carr.v infection. 

These conclusions pointed so clearly to the practical method of 
exterminating the disease tluit they were at once acct'pted by the 
sanitary authorities in C’ulta and put to th.e test in Habana. where for 
nearly a century and a half by actual record the disease had never 
failed to apjtear annually. 

In February. liiOl. the chief sanitary ollicer in Ilabana. Maj. C. 
Gorgas. Medical Dojjartineul. U. S. Army, instituted measures to 
eradicate tin' disease, liased entirely on the conclusions of the commis- 
sion. Ca-es of yellow fever were recpiii'cd to be reported as promptly 
as possible, the jiatient was at lirst rigidly i-olated. and immediately 
upon the report a fon-e of men from the sanitary de]>artment visited 
the house. All the rooms of the building and of the neighboring 
houses wen' sealed and fumigated to destroy the mosquitoes jtresent. 
4Vindow and door screens were put up. and after the death or recov- 
ery of the 2)atient his room was fumigated and ev(‘rv mosipiito de- 
stroyed. A war of extermination was aFo waged against mosquitoes 
in general, and an energetic eti’ort was made to diminish the number 
bred by draining standing Avater. scret'tiing tanks ami vessels, using 
pi'troleum on A\ater that could not be drained, and in the most sys- 
tematic manner destroying the breetling places of the insects. 
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When the warm season rctTirned a few cn'e- oecurred. Imt by Sep- 
tenibei'. li)01. the hmt case of yellow fever orig-inated in Habana. 
since which time tlie city has been entirely exempt from the terrible 
disease that had there kept stronghold for a hundred and fifty years. 
Cases are now admitted into Ilabana from M('xican ports, bnt are 
treated under screens with perfect impunity in the ordinary city hos- 
pitals. The ciaisade against the insects also caused a very large de- 
crease in malarial fevers. 

The destruction of the most fatal epidemic disease of the Western 
Hemisphere in its favorite liome city is lint the beginning of the bene- 
fit to mankind that may be ex|)e<‘ted to follow the work of Reed and 
his associates. TIutc can b(' no manner of doubt should ilexico. 
Brazil, and tin* (’(uitral .American Republics, where the disease still 
exists, follow strictly the example set by Habana that yellow fever 
will become (‘xtinct and the United States forew'r freed from the 
scourge that has in the past slain thousands of our citizens and caused 
the loss of untold treasure. 

More recent investigations into the came and spread of yellow 
fever have oidy succeeded in verifying tin.' work of Reed and his 
commission in every particular and in adding \ ery little to our knowl- 
edge of the disease. 

Later researches liy (juiteras in Habana, by the Public Health 
and ilarine-Hospital Service in ^h'racrnz, ami lastly by a ilelegation 
from the I’asteur Institute of Paris in Rio do Janeiro all confirm 
in th(' most con^■incing manner both tlu' aecuiacy and comi)rchensive- 
ness of the conclusions of the Anu'rican commission. It has been 
well said that Reed's experiim'Uts " will always remain as models in 
the annals of scientlKc ri'search. both for the i.'xactness with which 
they were adapted to the points to be pro\ed and the precautions 
taken that no experiment should be vitiated by failure to exclude 
all possible sources of error." 

Appreciation of Reed's work was instant in the scientific World. 
Honorary degrees from Harvard University and the University of 
Michigan were conferred upon him. learned societies and distin- 
guished men delighted to honor him, and after his death Congress 
voted a stjecial pension to his widow. 

To the United States the value of his services can not be estimated. 
Xinety times has yellow fever invad('d the country, carrying death 
and destruction, leaving poverty and grief. 

X"ew Orleans. ^Memphis. Charleston. Galveston. Portsmouth. Balti- 
more. Philadelj)hia. Xew York, and many smaller towns have been 
swept by the disease. 

The epidemit' of l.seJ cost X<'w Orleans S.OOO lives: that of IThd 
wiped out 10 per cent of Philadelphia's population. 
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The financial loss to the UniteT States in the one epidemic of 1878 
was estimated as amounting to $15,833,000; but sutfering. panic, 
fear, and the tears of widows and orphans can never be estimated. 
Xow. however, if yellow fever slioiild again cross our southern bor- 
der there need be no disturbance of commerce or loss of property in 
the slightest degree comparable with that which epidemics in the past 
have caused. 

The death of INIajor Heed took place November 28, 1902. in Wash- 
ington. from appendicitis. It is gratifying to think that, although 
his country and the scientific world were deprived of one from whose 
future services more benefit to humanity might reasonably Ite ex- 
pected, nevertheless he was privileged before his life's close to know 
that his discovery had been tested and that a great city was freed 
from Inu’ ancient foe. to know that his conscientious M'ork had con- 
tributc'd iinmeasureably toward the future prospects of an infant 
Ilepuitlic, atid even more to the welfare of his own beloved country, 
whose flag lu' had served so faithfully. 

In the national capital ami in the great cities of the United States 
there are stately monuments to the country's great ones. Statues of 
warriors, statesmen, and patriots stand as silent witnesses of a peo- 
ple's gratitude. Is there not room for the effigy of Walter Reed, 
who so clearly pointed out to his fellowman the way to conquer 
America's worst plague? 








RUDOLPH ALBERT VOX KOLLIKER. M. D./ 

Professfir of anuiomy hi the J'liirer.sitij of Wiir::tniri/. 


Ry Wri.LTAM Stiri-ing. 

Profefisor of phi/aiolof/tf find histtuhnin. and dran of medical Hchoul. T'nircisiti/ of 
Mnnchestei . Pnaland. 


The death of Professor KJilliker was announced in the British 
Medical Journal of Xoveinber 11. The venerable scientist died on 
Xovember 3, of pneumonia, after an illness of thirty-six hours. 

The name of Kidliker has been familiar to all histologists and 
anatomists for nearly half a century, for there is scarcely any depart- 
ment of histology to whiclt he did not contribute largely by his 
original work. The whole animal kingdom was laid under contribu- 
tion, and his contributions dealt both with the striicttires as they 
appear in adults and with tissues and organs in their development. 

Born at Zurich in 1S17. just four years after tlie birth of Claude 
Bernard. Kdllikor began Ids studies in the uidversity of his native 
town in 183(1. In 1S3!> he proceeded to Bonn, and later in the same 
year to Berlin, whore lu' became a pupil of Johannes Miiller. who 
exercised a profound influence on the young and ardent student. 
Miiller 's wide survey of physiology led Kiillikc'r to take the same 
broad view of histology. He took the degrei' of doctor of philosophy 
at Zurich in 18-11. and because that university insisted on a viva voce 
examination when he presented a disst>rtation for a medical degree, 
he eh'cted to take his degree in Heidelberg in 1842. presenting on the 
occasion a thesis on the deveh)pment of Chironoiu kk and Daiuiciu. 

Schleiden, of Jena, published his work on vegetable cells in 1838. 
and Schwann his cell theory in 1839. In the memoir entitled “ Mi- 
croscopical researches into the accordance in the structure and growth 
of animals and ])lants.” the cell theory was formulated. Kfilliker was 
thus fortunate in finding a field of research which he cultivated with 
such marvelous sticcess that up to 1899. when he published Eriiiner- 
ungen aus meinen Leben. when he was over 80 years of age, the total 
nund)er of his papers is given as 245, most of them on histological 

a Iteiiriiited (ly permission, from the British iledical .lournal, London, No. 
2342, Xovember 18, 1905. 
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and allied subjects. At Zurich he listened to the stimulating’ lec- 
tures of Oken on zoology: in Ih:’)'.). in Bonn, he attended the clinic of 
Aasse. who gave his lectures in Latin. The future anatomist tells 
how at the clinic at Bonn he was unable to find the vein in the arm 
of a very fat lady patient who was onhu’ed to be bled. Tbe turn- 
ing point in his career canu' in Berlin in Is;’)!*. where he fell under 
the spell of Johannes IMiiller and Jakob Ileiile. whose influence on 
him was powerful. Under Miiller he studied conqiarative anatomy 
and pathological anatomy, and under Ileiile normal histologVL 
Ilenle instilled into him the epoch-marking doctrines of Schwann 
and directed his attention to the microscopical structure of the body. 
There also he got much encourageint'iit from Ehrnlierg. Meyen. and 
Kobert Ivemak. lie took a private course under Bemak. who gave 
lectures and demonstrations at his own house on Development of 
the chick.” This k'd in futni’e year' to a study of development in 
mammals and many other animals and to the })ublication in isci of 
his Entwicklungsgeschichte dc' JIensch(*n und der lu'lheren Thiere. 

Kiilliker tells how. at his .Staats-examen. he knew all about the 
finest Ijranches of the cranial nerves, the structure of the ear. brain, 
and eye. yet he coidd not answer a simple (pie-tion on the portal 
vein. In the session of 1841— tg he became assistant to Henle, who at 
that time was professor of anatomy at Zurich. In ls4d began the 
first of a series of journeys to other lands, which were always utilizeel 
for scientific purposes, d'he first was undertaken with Xiigeli to 
Naples, where he de\’oted hi' time to com])arative anatomy of atiuatic 
forms, a suliject which began to l»e studied in the thirties and forties 
by 8'tanniu', IV. Peter', J. Jliiller, Milne-Edwards, and Quatrefages. 
While there he made eight researclies in all, on amphioxus, ceph- 
alopoda. on the hectocotylus of .Vrgonauta. and kindred subjects. 
After Henle left Ztirich in 1844 to go to Heidelbiu’g the chair in 
Zurich Avas divided, and Kiilliker. at the age of dd. becanu* professor 
of physiology and com])arati\e anatomy, with an income of l.dOO 
francs. In 1S47. when tSO year' of age. he rvas called to Wiirzburg. 
largely through tlu- influence of Ilenb* and the tlum rector. Professor 
Rinecker. Originally at Heidelberg he taught phA’siologv, but Kiil- 
lik(‘r mad(‘ it a condition that as soon as the chair of anatomv be- 
came A’acant he Avas to have it, tor he desired to dexote himself to 
microscopical anatomy. During the Zurich period he published 
pajiers on the Pacinian corjiU'cle'. the tissue' of the tadpole, inde- 
pendence of the 'ympathetic nei’Voii' system. dcA’idopment of (Jcph- 
iih.poijit. on blood, spermatozoa, ami the structui’e of smooth muscle. 
By the Use of nitric acid he 'howed that 'inooth muscle is made ttp 
of fusiform cells. He also fouml that celhtlose existed in the skin 
of tunicates. 
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At Wiirzbnrg he taught phy^^iology. and addeil to this mirroscopic 
anatomy and development, so that in 184!), when the ehair of anat- 
omy became vacant, he taught all these subjects and was the head of 
two institutes. Kiilliker, in his first decennium in Wurzburg', was 
particidarly fortunate in his associates and assistants, for he had as 
friends the gfifted Heinrich Midler. Carl (Tegenbaur, and Franz 
Tjeydig. Professor Rinecker had a microscopical institute, with 
Franz Leydig as an assistant, but Kolliker gave the first micro- 
scopical course in 1S4S. (In the death of Heinrich iMiiller. in IStU, 
physiology was separated from anatomy, and Prof. A. von Bezold 
was called to fill the chair of physiology. 

In 1S4!) Kiilliker had as prosecutor (iottfried von Sielndd. and in 
the same year tlu'se two fouiuled and edited the Zeitschrift fiir 
wissenschaftliche Zoologie. Many papers on zoological snbjh'cts were 
contributed by him to this journal. Among his later assistants were 
Eberth. Forel, C. Hasse. M. Flcsch. 11. Fick. (drenacher. Eimer. 
M. V. Lenhossek. iM. Heidenhain, and Ph. Stohr. who succeeded him 
on his retirement from acti\'<' duty as an anatomist in 1897. when he 
had completed his eighlicuh yi-ar and his fiftieth as an active pro- 
fessor of anatomy. Ht‘ still retained what he called his second in- 
stitute. namely, that for comparative anatomy, microscopy, and 
embryology. 

Kiilliker. on arriving in 'Wiirzbtirg, found the want of a scientific 
society, aiul to him was largely due the foundation, in 1849. of the 
well-known Die physikalisch-nualicinisehe (lesellschaft in AVtirzburg. 

As showing the width of his training Kiilliker lectured on human 
anatomy, physiology, comparative anatomy. ga\'e a micro-copioal 
course on normal hi'tology. and lectures on topographical hisloh)gv' 
and comparative histology, and aFo cour-(‘s on embryology — human 
and comparative. He also gave short courses on comparative anat- 
omy and physiology and on topographical anatomy. 

Kiilliker. of course, was the recipient of many honors. In 1897 
there was conferred on him the title " Excellenz ' by Prince Euitpold 
of Bavaria. Only once, however, was he rector of his uni wu'sity. and 
he did not take any very active part in the inner academic life. 

In early youth Kiilliker was a great gymnast and indulged largely 
in manly sports. He was a keen sportsman, especiallv as a hunter. 
He also was a great climber, and he records that in 1847 there was 
not an inn in Zermatt. Sic fern //i 

He also traveled much and was a splendid linguist. English he 
spoke with great fluency, ami he was a great admirer of hinglish life 
and English ways. French and Italian he knew well, and he pub- 
lished papers in all three languages. In 1840 he v isited Heligoland 
and worked up the fauna of the surrounding sea. for most of his 
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visits had a scientific oliject. Naples and Sicily were visited i:; 1S4»2. 
In 1645 he first visited London, and on his way -topped at Lonvain 
to make the acquaintance of Schwann and Van Beneden. In Lon- 
don he made the acquaintance of Sharpey. who was then professor 
in University College. A close friendship sprang np between them, 
and Kiilliker had tlu' highest regard for Shar])ey. who was greatly 
interested in the young histologist, who demonstrated to Sharpey the 
termination of nerves in Pacinian coiq)nscles. He also became the 
friend of Owen. Bowman. Todd. Kiernan. Vliarton Jones, and Ed. 
Forbes. Spain was visited in 1849. ITolland. England, and Scotland 
in 1850. To London he was accompanied by Cz('rmak. In Edin- 
burgh he w!*s the gne-t of (loodsir and Simpson. 

In his letters he gives a charming account of the Edinbnrgh profes- 
sors of those days. He says he knows only three anatomists and 
physiologists in all England who do not practice medicine for a pi-o- 
fession, namely. Owen. .^har|)(‘y. and (irant. He 2)laced Shaiq^ey and 
Bowman at tin* head of Eiigh-h microscopists. When he and Czer- 
mak were the guests (jf Hood-ir in Edinburgh, (loodsir gave him Tom 
Jones to read in bed. V'hen he was tire<l he got uj:) and blew out the 
gas. hut fortunately he did not fall a-lec-p just at once. The smell of 
the gas arous(‘d him. id-e the career of the young histologi-t might 
25rohal)ly have l)eeu short. He was present at the meeting of the 
British Association in (llasgow in 1.S5.5 as the guest of Alhni Thom- 
son, and on that occa-ion read several 2)apers. He made another 
visit to Scotland in 1857 and again in ISBI. He deli^■e)■ed the Croon- 
ian lecture in 18<;2. He visited Manchester to see the hi-tological 
work of the late Profe— or M illiamson on fos-d plants. In 18s7 he 
visited Pavia to study under (lolgi his method of jtrejjaring sections 
of the nervous .-y-tem. though he was then already 70 yiairs of age. 
He ])iddished about twenty papers on the results he obtained on the 
nervous system In- the (lolgi and C'ajal methods. 

To give a detailed account of Kdiliker's work would l)e to write a 
treatise on comparati\-e hi-tology. His ( iewel)elehre was published 
from 18.j0 to IS. >4. His Handimeh der (lewehelehre was first pub- 
lished ill 18.52 jiiid reached its sixth edition in 18!»k-lS!)9. The iMan- 
ual of Human Histology was translated by Busk and Huxley for the 
Sydenham Society in lS5;5-.54. Even as late as 1S51 Virchow held to 
Schwann's doctrine of " free cell formation." Before this Kiilliker 
had rejected this theory. His studi<*s on the eggs of cephalopods had 
shown him the iintenahle nature of Schwann's views. He attached 
great importance to the study of ])rotozoa and the simples! animals. 

Kiilliker published hut little on ordinary naked-(“ye anatomy. His 
voik lav chiefly in inicro-copical stndic's. He was an e.xcellent lec- 
turer. good draftsman, and a mo-t methodical teacher. For eighteen 
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years he taiifrht physiolosy. and admits that the physical and chem- 
ical side of thi> ^nbject were left somewhat in the liackgronnd. His 
micro>copical course was lai'gely attended and was given in the 
evening: each meeting lasted two hours. He regarded the incisures 
of Lantermann, the funnels and spirals of (tolgi. and the Ewald- 
Kiihne networks in nei've Hhers as artificial and produced hy the 
action of liaigents. Ih' sup})orted Ttanvier's view of tlu' outgrowths 
of nerve fibers from a nerve cell. 

That he did not do nior(‘ work in naked-eye anatomy, and, in fact, 
pi'oduced oidy one large work on this subjc'ct. On the Position of the 
Internal Female Se.xual Organs (]s8'2), he <c\plains by the fact that 
his scientific activity fdl at a time when microscopical anatomy and 
embryology were in their infancy. Com))arative anatomy he was 
fond of. ])artly because it stood in such intiniittc' relatioti to the Dar- 
witiiati tlu'ory. a theory which he subjected to ketui criticism. 

Khlliker mad(‘ many important observations in jthvsiologv. He 
studied the iictiou of [)oisons such its curare, 'trychniue. vt'ratriu. 
tiptis antiiir, tind coniiim. H(> wa-- spi'ci.ally interc'sted in curare, for 
in bs.'iti he showed that there wen* jtoisons tlutt. although they para- 
lyzed intramuscular nerves, left the e.xcitability (d' the mitscle tissue 
itself intact. He publislu'd his researclu's on curare before those of 
Reriiitrd were published. He also e.\tende(.l the study of poisons to 
other intiscular tissues, such ;ts lhi“ heart, d lu' ('mission of light by 
Laiujii/rix and Xni fil iicii was ciireftilly studied. He also made some 
e.vperiinents on the electrical cotidition of the heart and on the sec- 
ondary contraction resulting when a nerve of a nerve-mtiscle jtrep- 
aration is laid on a beating heart. 

On embryology he j)ublished his great work in iSCil, of w'hitli a" 
second edition appeared in 1S7!>. His (iruudriss. on the same sub- 
ject, reached a second edition in 1<SS4. 

Many pa])ers were published on bone; the most elaborate and the 
best illustrated is " Die norniale Ke-orption des Knocheugewebes und 
ihre Bedeutung fiir die Kntstehung der typi.schen Knochenformeii." 
18Th. In 1ST2 he coined the word " osteoclast in lieu of IJobin's word 
“ myelophu|ue." and linked up their function with the prodtiction of 
Howshijt's lacume. 

T() the subject of Dartvinisin he contributed several papers, and he 
gives in his Erinueruugc'u a liroad and excellent account of the 
doctrine of descent as it atfects the cellular and other elements of the 
body. 

Classifying his published pajiers. we find that on histology he juib- 
lished lOS. including in this number his various text-books and their 
editions; on anatomy. 2: jihvsiologt', Ifi: eiubrvoloiry. .''>2: Dar- 
wunism, 5: comparative anatomy and zoology. 1!>, including his 
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leones Histologies and 5 papers on nnelassified subjects. This 
gives a measure of the variety of his work, but not of its importance. 
He continued to produce good scientific work until a very short time 
before his death. 

When the writer first made the acquaintance of Kiilliker his hair 
was already white — not so much with age. for it appears that his 
hair changed its color rapidly. This gave to his suave and noble 
face a pleasant and rt'verend ap])earance. which, coupled with a 
charming manner, made Kblliker an attractive personality, w'hile 
his great knowledge, keen interest in all that was new. and his vast 
experience made him a veritable (iamaliel at whose feet it was a 
pleasure to sit and t-asy to gain inspiration and profit. 

Dr. J. Dulberg (Manchester) writes: 

When I was at tViirzburj; some sixteen years a?o or so. Kiilliker was still, in 
suite of Ills advaiiceil aite. one ol the most inUefatiicahle w<irkers in the meilical 
school, anil it was a real [ileasure to listen to him when either lecturim; or (teni- 
onstratiiift. It was touchimt to se<> the solii-itmle with which he used to arranp:p 
his microscopical specimens with his own hand and the indde he took in them. 
On one occasion, particularly. I rememher he kept me for over a (luarter of an 
hour discussing.' the merits of a section of the spinal cord which he told me was 
the finest he had ever .'eeii. He exaudned me in anatomy for the " doctor 
exanien," hut instead of asking me (piestions he spent luairly the whole of the 
time allotted to me in {.'ivim; me a ininiatnre lecture on some anatomical detail. 
Even in his ordinary conversation he would not for^iet that he was an anatomist. 
AVhen I went to say jrood-hy to him hefore leavimr Wiiizhurs; he jiresented me 
with his photoi'raph. which stands hefore me as 1 write, and in doinsi so pointed 
(Hit to me that the photo^'raiiher had exa^'-.'orated the activity of his corruirator 
supercillii. As a teacher Kiilliker was. kind, iiatieut. .and lielpful. far more than 
the generality of (ierman professors, and to foreicnors lie was iiarticularly 
attentive. AVliat an arm.v of doctors .all over the World there must he to mourn 
the loss of one who has heen a teacher for well-ui;;li three ireneratioiis I 
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